Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 









II 



> • 
f 



r 



General Library ^ i 

t. OF 

^ UNIVERSITY OF MICHIQAN. ♦ 



Pncscntko sv 



X«^ .0 UA/LLtgr i 



^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^ 










/ 



t 



13/ 



9 l"l"t"l"l"l' l"l"l' 'l"l"l 'l"l' i"l"l"l"l"l"l"l 'I' 'l"l"l"l"|"l' 'l"l"l"l"l"l' 'l"l"l'IC 

+ + 

t General Library ^ % 

+ + 

|. OF J 

t UNIVERSITY OF MICHIGAN. t 

+ + 

+ PnCSCNTKD BV # + 

4» 

lti|i«|ii|it|ti|ti|ti|i^i|t^i|ti|ti|ti|ti|i^i|i^i|ti|t^i|tt|tt|ti|ii|i^i|ii|i«|i^j|ii|ii|i^t|ti^ 






/ 



7 



MISSOURI 

GEOLOGICAL SURVEY 

VOLUME VI. 



Lead and Zinc Deposits 

(Sbction I) 
By ARTHUR WINSLOW 

WITH CO^PLirVBHTS OP 

STATE 6B0L06IST. 




jBrrEasoN cwv: 



BOfiRD OF MSNIGERS. 



His Excbllbncy, Wm. J. Stone, Governor of Missouri, Jefferson City, 

tx officio President of the Board 

Dr. J. H. Britts Clinton 

Hon. W . O. L. Jewrtt Shelbina 

Prof. £. M. Shepard, Acting President Drury College Springfield 

Prof. W. H. Seamon, School of Mines Rolla 



GEOLOGICSL CORPS. 



CHARLES R. KKYES, State Geologist. 

B. H. LONSDAUS, A88*T GEOLOGIST, C. F. MARBUT, ASS'T GEOLOGIST; 

Building McUerials. Topography. 

H. A. WHKELKR, ASS'T GEOLOGIST, ERASMUS HAWORTH. ASS'T GEOLOGIST,. 

Clays. Crystalline Rocks. 

E. L. CARTER, SECRET ABT. 



LETTER OF TRANSMITTAL. 



,:} 



Missouri Geological Survey, 

Jefferson City, July 1, 1894. 

Tb the President, Gov, Wm» J, Stone^ and the Members of the Board of Managers of the 
Bureau of Oeology and Mines : 

Gentlemen — I have the honor to transmit herewith the first sec- 
tion of the Eeport on the Lead and Zinc Deposits of Missouri, by Mr. 
Arthur Winslow, assisted by Mr. James D. Robertson, and to remain^ 

Your obedient servant, 

Charles E. Keyes,^ 

State Geologist. 



PART I. 



Lead and Zinc 



A general discussion of the history, compounds, modes of 

occurrence, distribution and industry of lead 

and zinc throughout the world. 



PREFACE. 

The examination of the lead and zinc deposits of the state, for the purpose of 
preparing a complete and comprehensive report, was started in the latter part of 
the year 1889, in co-operation with the United States Geological Survey, of which 
Major J. W. Powell was then director. Dr. W. P. Jenney was appointed from 
the National Sarvey to the charge of the work, and Mr. J. D. Robertson was de- 
tailed to assist him from the State survey by the writer, while State Geologist. 
Dr. Jenney pursued work in the State intermittently for over two years. During 
this period Mr. Robertson accompanied him, and acted immediately under his 
directions part of the time. In addition, however, Mr. Robertson, acting under 
instructions from the writer, extended his observations to localities not visited by 
Dr. Jenney, with the idea of gathering a complete series of mine descriptions to 
form part of the report. Not until the spring of 1892 was systematic study begun, 
in person, by the writer. Then, with the cessation of Dr. Jenney 's work in this 
field, the scope of operations by the State survey was expanded so as to obtain 
mateilal for an Independent and exhaustive report. Since that time the study has 
been continuously pursued by the writer and Mr. Robertson. 

The lead and zinc deposits of Missouri have proved of great and unexpected 
Importance, outstripping all others In the Mississippi valley. Lead mining was 
begun as much as 170 years ago, and has continued uninterruptedly since. About 
the year 1854, however, the prediction was ventured by Prof. Whitney that the lead 
mining of Missouri was a thing of the past, and that the supply of ore was nearly 
exhausted. But, though individual bodies of ore have been exhausted, and though 
the Industry has waned from time to time, deeper excavations have developed new 
bodies of untouched ores, wider explorations have revealed new fields, or Improve- 
ments In mining or metallurgical processes have made previously rejected ores 
available. Along with this, the utilization of the'assoclated zinc ores haji led to the 
opening up of deposits which previously lay untouched, enclosing often unexpected 
quantities of lead. Daring the past twenty years Missouri's production has reached 
large proportions. The total amount* mined during this period Is fully twice that 
of the preceding 150 years— a striking refutation of the early adverse predictions. 
The output daring recent years has been only second to Colorado's, and this year 
(1894) will probably be first among the states of the Union. The total prodactlon, from 
the beginning to the end of the year 1893, Is represented by the handsome figure of 
1 ,100,000 tons of lead ore, eqalvalent to about 750,000 tons of lead, valued at nearly 
$74,000,000. The output for the year 1891 will probably exceed 50,000 tons of ore, 
a large Increase over 1893, despite adverse industrial conditions and depression of 
prices. 

Similar In some respects are the facts of zinc production. The mining of 
these ores does not, however, date much more than twenty years back, and hence 
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the industry has not Buffered much from the vicissitudes of the early mining. The 
production grew rapidly from its beginning, and now ranks first in the country. 
The total output up to the present time is nearly equal to the combined total pro- 
ductions to date of all other states in the Union, amounting to about 1,200,000 tons 
of zinc ore, equivalent to nearly 500,000 tons of metal, valued at about $50,000,000. 
The annual production is now considerably over 100,000 tons. 

The productivity of Individual ore deposits Is, of course, very variable. There 
are undoubtedly many very small deposits of small yields, and there Is much low 
grade ore. On the other hand, there are also many large deposits and much high 
grade ore, and some deposits have proved enormous and have yielded splendidly. 

in illustration of the last statements, In the Southeast, Mine La Motte, which 
has been worked over 170 years, has produced lead to the value of about $10, 000,- 
000; the St. Joe mine, which has been worked for only 30 years, has produced 
lead to the value of nearly $14,000,000. The Valle mines, which have been ope- 
rated about 70 years, have produced $2,000,000 worth of lead and over $800,000 
worth of zinc ore, but this was from a number of different openings. 

In the Southwestern district, the production of individual mines has not been 
so great, and the work is more scattered ; yet, very large and rich deposits have 
been found. The following figures will Illustrate the magnitude of the outputs by 
camps : 



ProdQction of Joplin camp for 1890 to 1802, inclasi ve .. 

(i i( (( it (< II 

' ' Webb City-CartervlUe 1890 to 1892, inclualve 

It II t. II t( It 11 

*' Aurora 1830 to 1893, inclusive 
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12,000 touB lead ore. 
67,000 •• zinc ore. 
12,000 *' lead ore. 
151.000 " zinc ore. 
26,000 *• lead ore. 
84,000 '* zinc ore. 



As instances of the yields of Individual tracts, the Hatton lot of about one 
acre ( 200 feet square ), on the land of the Center Creek company, of Webb City, 
produced over $300,000 worth of lead and zinc ore. Half of lots Nos. 1 and 2 of 
the Victor Ailnlng company produced $275,000 worth of zinc ore. The Paxton 
land In Joplin, covering several lots, produced during the years 1877 to 1883 Inclu- 
sive, $630,000 worth of ore, mainly lead. 

These are, of course, among the largest yields, but there are many others that 
approximate them, and a large number of properties that have yielded at the rate 
of $100,000 per acre. 

The methods of mining of the past have undoubtedly been crude, and they 
continue so to a great extent, especially In the southwest. In the southeast, larger 
and better planned operations are conducted, principally Induced by the difference 
In the character of the deposits. It was among the plans of the writer to have In- 
stituted a study of the methods of mining, as well as of the milling and concentrat- 
ing of the ores, which would have led to Improvements and reductions of cost ; but 
time and means did not permit this being carried out. In Jasper county, small 
tracts, 100 ft. or 200 ft. square, are usually worked on leasee. Sometimes a number 
of such lots are combined under one lease ; but frequently they are mined Independ- 
ently by separate Individuals, often Intermittently. Pumping :ls, however, quite 
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commonly done in co-operation. Royalties vary from 7}% to 35% of tbe value of 
the product. The customary royalty is about 10% , with pumping charges about 5% 
more. With leases of large tracts of many lots, aggregating ten to forty acres or 
more, the period Is often as much as ten years, and the rate generally 7}% to 10%. 
The lands worked by the large mines of the southeast are generally owned by the 
operators ; the smaller gash vein and channel deposits are let out on leases similar 
to those of the southwest. 

The values of mining lands of course vary greatly. In the southwest, unde- 
veloped properties on which there seems good prospect of finding ore. sell at from 
$50 to $100 per acre. Prospected lands, by drill or otherwise, which are not devel- 
oped but show ore, bring^from $100 to $200 per acre. Developed tracts showing 
promising bodies of ore^ near producing mines, may command anywhere from $250 
to $1000 per acre, and much more in exceptional cases. A six-year lease of 40 acres 
of land of the Victor mining property at Webb City cost $100,000, and, in addition, 
a royalty of 10% was paid the owner of the property. The Eolden land near Belle- 
ville broufi^ht ?1000 per acre. A 200-ft. square lot of the North 8tar property sold 
for $48,000, and 22}% royalty in addition. In the southeast, properties in the Flat 
River camp, which were prospected to a limited extent by drilling, sold for $200 per 
acre. Options on entirely unprospected lands in the immediate vicinity of large 
mines may be obtained all the way from $5 to $100 per acre. A tract of some 300 
acres in the Flat River camp wiS recpncly purchased by the 8t. Joseph Lead com- 
pany for $^5,000, $1000 having been (Previously paid for an option before drilling. 

A question may arise in the minds of some as to the objects of making this re- 
port so wide in scope as the table of contents shows it to be. In the opinion of 
the writer, the importance of Missouri in the lead and zinc world is ample justifi- 
cation. The object has been to make this a general work of reference on lead and 
zinc (of which none such has been written), with Aiissouri as a center. In this 
form the demand for and the circulation of the report will be much greater, with 
proportionate return to the State. In addition, the future of the Missouri in- 
dustry is so dependent upon the conditions of other deposits throughout the world, 
upon circumstances of production and trade, that the outside information of the 
report is indispensable for the guidance of future developments. For similar 
reasons, and to make the report complete in itself, the incorporated extracts of 
previous publications relating directly to the deposits of the state have been intro- 
duced. In addition, the writer has endeavored to embody, and thus to place on 
record, all the notes of importance relating to the geology of the southern part of 
the state, which he accumulated during his occupancy of the position of State 
Otologist, and which the recent severance might prevent the publication of. 

The acknowledgments due others for assistance during the progress of this 
work are many— far too many for individual mention of all to be included here. 
Effort has been made to give due credit in the body of the report. In addition, 
the writer desires to express special obligation to : 

Mr. J. D. Robertson, for zealous and long-continued assistance during the pro- 
gress of the work in all its stages, in the field, in the laboratory, and in the office. 
His work for nearly eight months since last spring has been almost entirely a labor 
of love. 

Dr. E. O. Hovey of New York, for the contribution of his time and talents in 
the study of the cherts of the state, and in the preparation of the manuscript. 
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Mr. C. F. Siarbut for his contributions to the geology of the southwest, and to 
Prof. £. M. Shepard likewise. 

Miss Laura L. Mitchell for efficient and faithful services as stenographer and 
typewriter. 

Major J. W. Powell, late director of the U. 8. Geological Survey, and to the 
Hon. Chas. D. Waloott, the present director, to both for cordial support in many 
ways, and to the latter for his studies of the fauna of the Ozark stage, and for the 
results published in the report. 

Prof. H. S. Williams of Yale University for his conclusions concerning the Eu- 
reka shale; to Or. John M. Clarke of A.lbany, Prof. Chas. H. Beecher of Yale, Prof. 
E. O. Ulrich for observations on the Mine La Motte Lingulella. 

Mr. Arthur Thacher of St. Louis for notes on the metallurgy of lead in the 
state, and for many suggestions and courtesies. 

Mr. J. R. Holibaugh of Joplin for the many valuable statistics and maps of 
southwestern Missouri mines contributed. 

Prof. Erasmus Haworth of Lawrence, Kansas, for gratuitous examination of 
specimens. 

Dr. W. A. Metcalf of Steelville for guidance and assistance in the field , and for 
various contributions to the report; and to Col. A. W. Maupin of Union for like 
.services. 

Mr. W. C. Wetheriil and to Judge O. H. Picher of Joplin, for assistance in ob- 
taining statistics of productions and mine maps of that camp. 

Mr. C. B, Parsons and to Mr, G. Setz of Bonne Terre ; to Mr. F. W. Graves of 
Doe Run ; and to Mr. J. D. Sanders and Mr. J. T. Monell of Mine La Motte, all for 
maps and notes relating to their respective mines, and for many courtesies. 

Mr. J. H. Judson of St. Louis, and to Mr. H. Engleman, of Matthiessen and 
Hegeler Zinc Conpany, for many valuable figures of production and other notes 
and observations. 

Mr. R. P. Roth well, editor of the Engineering and Mining Journal of New 
Y'ork and author of the volumes of the Mineral Industry, for electrotypes of tables 
inserted, and for assistance in the prosecution of the work. 

Gen. Geo. H. Nettleton, President of the K. C, Ft. S. & M. railway, and to 
Mr. Geo. C. Smith, while Asst. Gen. Man. of the Mo. P. railway, for assistance 
In many ways. 

In conclusion, it is the earnest hope of the writer that this, the last of his 
reports for the Missouri Geological Survey, may prove of guidance to all, and of 
true service in the development of the mineral resources with which it deals. 



CONTENTS. 

Page 

Letter of Transmittal v 

Preface vii 

PART I. LEAD AND ZINC. 

Hiaiory, Compounds^ Modea of Occurrence, Distribution and Industry of Lead and Zinc 

throughout the World. 

CHAPTER I. Historical Sketch OF LiAD AXD Zinc 1 

Asia and Africa 2 

Lead, Zinc, 2. 

Lead in Europe 3 

Qreece, 8— Romans and Italy, France, Spain, 4— Qermany, Belgium, Austria, 5— Prus- 
sia, Great Britain, 6. 

Zinc in £urope 7 

Oceanlca 9 

South America 9 

North America 9 

Lead Mining, 9— Zinc Mining, 12. 

CHAPTER II . LsAD and Zinc and their Compounds 16 

The Metals 16 

Lead, 16— Zinc, 16. 

The Natural Compounds of Lead 18 

Native Lead, 18— Galenite, 19— Cemssite, 20— Anglesite, 21— Pyromorphite, Minium, 
Minor Compounds, 22. 

The Natural Compounds of Zinc . 24 

Native Zinc, Sphalerite, 24— Calamine, 26— Smithsonite, 26— Hydrozincite, Zincite, 27— 
Wiliemite, Minor Compounds, 28. 

CHAPTER III. DisTRincTioN and Conditions of Occurrence of Lead and Zinc % 

The Diffused Condition 30 

In Rocks, 80— In Minerals, SI— In Waters, 82— In Plants and Animals, 88. 

The Concentrated Condition 33 

The Classification of licad and Zinc Deposits 34 

The Composition of the Metalliferous Constituents, 86— The Mode of Formation of the 
Metalliferous Constituents. 36— The Source of the Metalliferous Compounds, The 
Form or Shape of the Ore Bod v. 88 -Th^ Attitude of the Ore Body, 40— The Struc- 
ture of th*» Ore Bo«ly, 41— The Mode of Formation of the Ore Body, 43— The Nature 
of the Associated Substancen, The Nature of the Enclosing Rocks, 46— The Age of 
the Enclosing Rocks or the Geologic Distribution, 46. 

CHAPTER IV. Lead AND Zinc Deposits OF Foreign Countries 49 

The Lead and Zinc Deposits of Europe 60 

Austria 50 

Carinthia, 61— Bohemia, 62— Gallcla, The Tyrol, 64— Hungary, Transylvania, 66. 

Belgium 56 

Bleiberg, 66— VieiUe Montague, 67— Nouvelle Montagne, Corfalie, Welkenradt, 68— 
PhilUppeYille, 69. 



XII TABLB OF CONTENTS. 

Page 
Great Britain 59 

Darbam, Northamberland , Camberland, Weetmorelaiid, TorkBhlre, 60— Derbysblre, 
62— SbroDBhire, Montgomeryahlre, 68— UarnnavoDsblre, GardigaoBbire, Fltntsblre 
and DenbigbBbire, 64— Ck>rnwali, 65— DevoaBbir.^, SjmersetBblre, Sootland, Ireland, 
66-lBleof Man, 67. 

The German Empire 67 

Upper Silesia, 69— Tbe Ubine Provinces, 71— Weafpballa, 72— NaBsaa, 78— Hanover or 
tbe Uartz, 74— Saxony -Erzgeblrge, 76— Baden, 76. 

Greece 77 

Lanrinm, 78. 
France 79 

Vosges, 79— Tbe Plateau of Gjntral France, 80— Tbe Pyrenees, 82— Brittany, 83. 
Italy 84 

Sardinia, 84— Piedmont, Lombardy, 86 -Tascany, 87 
Russia 87 

Poland, Siberia, 87— CaacasuB, 88. 

Spain 88 

Linares, 89— Cartagena, 90— Sierra Almagrera In A.lmerla, 91— Sierra Gado, Horcajo, 
Santander, 91. 

Sweden 92 

Ammeberg, Sala, 92. 

Otlier European Countries 93 

Tbe Lead and Zinc Deposits of Africa 94 

Algeria, Tanis, 94. 
The Lead and Zinc Deposits of Asia. 96 

Turkey in Asia, India, 93— Cblna, Japan, 98. 

The Lead and Zinc Deposits of Oceanlca 100 

Australia 100 

"New SoQtb Wales, 100— Victoria, Queensland, Sontb Australia, West Australia, Tas 
mania, 101. 

The Lead and Zinc Deposits of South America 102 

Peru, CblU, 102— BoUvla, 103. 

Central America 103 

The Lead and Zinc Deposits of Mexico 105 

Tbe Guanajaato District, Zacatecas and FresniUo Districts, Durango, 106— Pacbuca, 
Jalapa, 107— Sultepec, Morellos, Coabulla, 108— Nueva Leon, Tamaullpas, 110. 

The Lead and Zinc Deposits of the Dominion of Canada Ill 

West Kootenay District. Ill— Nortb Sboreof Lake Superior, 112. 

CHAPTER V. Tub Lead and Zinc Deposits of the United States 113 

Lead and Zinc Deposits of the Atlantic Coast 114 

Maine 114 

New Hampshire 114 

Vermont 115 

Massachusetts 116 

Southampton, 116— Tbe Newbury port Deposit, 117. 

Connecticut 118 

New Yorl£ 118 

Pennsylvania 120 

Fredensvllle, 121— Blair county, 122— Lancaster county, 123— Nortbumberland county, 
Cbester county, 124. 

New Jersey 125 

SterUng Hill, Mine Hill. 126-Warren county, 127. 
Maryland • 128 



TABLE OF CONTENTS. XIII 

Page 

Virginia 12^ 

Wythe mineg, 129— Bertha mines, 130. 

North Carolina l31 

WaBhinKton mine, Silver Valley mine, 182— Cabamu connty, Union conntv, Montgom* 
ery coanty, 188. 

Tennessee 133 

Tbe Lead and Zinc Deposits of the Mississippi Valley 135 

Wisconsin 135 

Area, 185— Topofirraphy, General Geology, 186— DlRtrlbntion of Ore Depoeita, 189— 
Modes of Occnrrence of the Ores, 140— Ores and Associated Minerals, 141— Sonrce 
and Origin of Ores, 142— Crevices and Caves, 148— Distribatlon of Mines, History 
and Statistics, 144. 

Illinois 14» 

Eentuclcy 151 

Livingston coanty, 161— The Royal Mines, 158— Crittenden coanty, The Colombia mines, 
164— Caldwell coanty, 165. 

Iowa 155 

Michigan 156 

Minnesota 156 

Kansas 157 

Arkansas 158 

Northern Arkansas, 158- Central and Soathwestem Arkansas, 161. 

The Lead and Zinc Deposits of the Kocky Mountains and Great Basin 16!^ 

Colorado 163 

Lake coanty, 16S— Pitkin coanty, 16S— Chaffee coanty. Park coanty, Gannlson coanty, 
168— San Joan region. Boalder coanty district, j69~Sammit and Eagle counties, 
170— Conclaslons and Statistics, 172. 

New Mexico 173 

Socorro coanty, 178— Grant coanty, 174— Sierra coanty. Dona Ana coanty, Santa Fe 
coanty, Prodactlons, 175. 

Texas 176 

Utah 177 

Salt Lake coanty, 178— Beaver coanty, 179-Tooele coanty, Utah coanty, Plate coanty, 
Jaab county, ISO— Summit coanty. History and Statistics, 181. 

Nevada 182 

Comstook Lode, 182— Enreka Mines, IBS- Lincoln and Nye counties. White Pine county, 
185— Elko county, Esmeralda county, Lander county. History and Statistics, 186. 

California 187 

San Bernardino county, 187— Inyo county, 188— Productions, 189. 

Arizona 190 

Idaho 190 

Cceur D'Alene Mines, Wood Blver District, Owyhee county, 191— History and Statis- 
tics, 192. 

Montana 193 

Lewis and Clarke counties, 198- Beaver Head county, Jefferson county, 194— Silver 
Bow county, Meagher coanty. History and Production, 195. 
TheDakotas 197 

CHAPTER VI. INDUSTKIES AND STATISTICS OF LEAD AND ZiNC 198 

The Metallurgy of Lead 199 

Log Hearth, 199. 

The Reverberatory Furnace 200 

Ash Furnace, 200— Air or Drummond Furnace, 201— Carlnthlan Furnace, Flintshire or 
English Furnace, 202-Silesian Method, 208. 



XIV TABLE OF CONTENTS. 

Page 

The Hearth Furnace, 204 

Backwoods Hearth. 204^WaterbHck Scotch Hearth, 205— Lewis Bartlett Process, 206. 
The Cupola Furnace 210 

Boasting, 210— Bednction. 213. 

Comparisons of the Three Methods of Lead Smelting 217 

Desllverizatlon of Base Bullion. . .' 218 

The Pattlnson Process, 218— The Parkes Process, 219— Capellation, 220. 

Manufacture and Uses of Lead Products 221 

White Lead, 222— Litharge, Bed Lead. 228- Chrome Yellow and Orange Chrome. Pipe, 
Sheet Lead, Shot, 224— AUo>b, 226. 

The Metallurgy of Zinc 226 

History, 226— Chemistry of the Processes: Losses During Boasting; Incomplete Boast- 
ing; Oxidation of Vapors; Minor Losses, 227. 

The English Process 229 

The Belgian Process 230 

Preparation of the ores. Boasting, 230— Bed action, 232— Miscellaneoas, 285. 

The Slleslan Process 236 

Improvements and By- Products 237 

Improvements, 287— Acid Manafacture, 23S 

The Manufacture and Uses of Zinc Products 239 

Uses, 289— Consumption in the United States, Sheet Zinc, 241— Galvanizing, Alloys, Zinc 
Oxide, 242. 

The Distribution of Lead and Zinc Works 244 

Lead Smelting Works 244 

In the United States, in £arope, 244. 
Zinc Smelting Works 246 

In the United States, 246- In Earope, 247. 
The Manufactories of Lead and Zinc 248 

In the United States, 248 - In Earope, 250— Markets, 251. 

Statistics and Prices 252 

Productions 252 

World's Productions, 252- United States Production, 258. 

Imports and Exports of the United States 257 

Prices 260 

Lead and Spelter in New York, Lead Ore in Great Britain, 260 -Lead in I.iOndon, 261 — 
Zinc and Zinc Ore in Great Britain, 262— Lead Ore and Metallic Lead in Earope, 263— 
Zinc Ore and Metallic Zinc in Earope, 264. 



PART IT. LEAD AND ZINC IN MISSOURI, 

A Report on the History of Mining in the State ^ on the Geology of the Mining Districts and 

of the Ore Deposits^ and on the Lead and Zinc Industry . 
CBAPTER VII. HiSTOKY op Mining in Missodri 267 

Previous to the year 1800 207 

1800 to 1820 271 

1820 to 1830 276 

1830 to 1850 281 

1850tol860 285 

1860 to 1870 291 

1870 to 1880 293 

1880to 1893 299 




TABLE OF CONTENTS. XV 

Page 

CHAPTEB VIII. The Physiography or TiTE Mining Districts '. 808 

The Southwestern District 304 

Topography: The Prairie Country; The Plateaa Ck)nntry, 804 -Hydrography, SOS- 
Soils. 31 l-Forestry. 312 

The Southeastern District 313 

Topography : The Highland Ck)untry, The Plateau- Prairie Country, 818— Hydrography, 
3l4-Soll8, Forestry, 316. j » f j, 

The Central District 316 

Topography The Prairie Country, The Plateau Country, 816— Hydrography: The 
Osage River, Tributaries of the Osage. Springs, The Gaaconade Drainage, 817— 
Soils, Forestry, 319. 

Origin and Formation of Topographic Features 319 

History of Drainage, 320— Origin of the Plains, 822— River Meanders, 823— Position of 
Divides, 825. 

CHAPTER IX. General Geology 828 

The Archean 328 

Distribution, 328-Llthology. 829. 

The A Igonliian 330 

The Silurian 330 

Stratigraphio Range, 830 -Li thology: Limestones, Cherts, Sandstones, Shales, Con- 
glomerates, 831. 

The Silurian of the Southwestern District 337 

Stratigraphlc Limits, 38S— Distribution. 339. 
Stratigraphy and Sections 838 

Sandstones of the Series, 340— The Contact with Overlying Formations, 344. 
The Silurian of the Southeastern District 346 

Stratigraphlc Limits, 346. 

Stratigraphy and Sections 347 

Mine La Motte and Vicinity, Doe Run and Vicinity, 347— Doe Run to St. Marys, 848— 
Sie. Genevieve to Bonne Terre, 349— Doe Run to Riverside, S6o— Bismarck to Silica, 
354— Potoel to Palmer, 366— Pacific to Labadle and Tavern Rock, 366— In Franklin 
county, 368. 

The Silurian of the Central District 358 

Limits exposed, Distribution, 369. 

Stratigraphy and Sections 359 

Osage River sections, 869 -Sections along the Moreau, 371— Sections along the Missouri 
River, 873. 

The Age of the Ozark Stage 378 

The Devonian 385 

CHAI*TER X. General Geology, Continued 889 

The Lower Carboniferous 389 

The Southwestern District 389 

Distribution, 390. 

Lithology 390 

Limestones, 390— Shales and Sandstones, Cherts, 891. 
Stratigraphy and Sections 393 

Cedar Gap and Vicinity, 894— Sprlngfleld, 896-Ash Grove and Vicinity, 897— The White 
River Country, 898— Spring River Sections and Notes, 402— Center Creek Sections, 
406— Turkey Creek Sections, 407— JopUn and Vicinity, 410— Shoal Creek Sections, 411 
—Contacts, 420. 

The Coal Measures 421 

Graydon Springs Sand stone and Conglomerate 422 

The Tertiary 426 



XVI TABLE OF CONTENTS. 

Page 
The Quaternary and Recent 427 

Bed Clays, 427-BeBiclaary GhertB, 428. 

Structural Geology 429 

The Soathwestem DlBtrict.429— The SoatheaBtern DiBtrlot.481— The Central District, 482. 

CHAPTER XI. Tde Geological History of Southern Missouri 485 

The Archean Era 435 

The Algonklan Bra 435 

The Cambrian Period 436 

The 81 lurlan Period 437 

The Devonian Period 437 

The Lower Carboniferous Epoch 437 

The Coal Measure Epoch 438 

The Mesozoic Era 489 

The Tertiary Epoch 439 

Conclusions 439 

CHAPTER XII. The Ore Deposits, a General Description and Discussion 441 

Distribution 441 

G^eographio Dlstribation , Geologic DlBtribatloo , 441. 

The Forms of the Ore Bodies 442 

The Composition of the Ore Bodies 443 

Gangues of the Ore Deposits 443 

Country Rocks. 448— Clavs, Sands and Shales, Secondary Cherto, 444— Limestones, 447— 
Dolomite, Barlte, 448. 

The Minerals of the Ore Deposits 448 

Sphalerite, 449— Calamine, 450— Smlthsonlte, Hydrozlncite, 451— Galenite, 458— Cems- 
Bite, 456— Angles! te, Pyromorphite, LeadhiUlte, Calclte, 457— Barlte, 458— Dolomite, 
Pyrlte and Marcasite. Chalcopyrite, 46tf— Qdartz, Bitumen, Bilnor Minerals, Para- 
genesis of Minerals, 460. 

The Structure of the Ore Bodies 460 

Mode of Formation of the Ore Bodies. 461 

The Formation of the Cavities. 462— The Filling of the Cavities. 468— The Formation of 
the Breccia Deposits, 464— The Impregnated Deposits of the Southeast, 467. 

The Origin of the Metalliferous and other Minerals 467 

Originally Deposited In a Concentrated Condition, 469— Derived from Great Depths, 470— 
Original DiffoBlon Supplemented by Lateral Secretion, 474— Concentration through 
Surface DecompoRltlon : Metalllfprous Contents of Archean Rocks; Metalliferous 
Contents of Silurian Maorneslan Limestones; Metalliferous Contents of Lower Car- 
boniferous Limestones, 477. * 

CHAPTER XIll. Industries and Statistics of Lead and Zinc in Missouri 488 

Smelting and Manufacturing 448 

Lead Smelting 448 

The Air Farnace 489 

The Scotch Hearth 480 

Granby Mining and Smelting Companv, Serage and Case, The Valle Mining Company, 
J. P. and R. M. Bngg, The Picher Lead Company, 491. 

The Cupola Furnace 492 

Mine La Motte Company, The St. Joseph Lead Company, 492— The Doe Run Lead Com- 
pany, The St. Louis Smelting and Refining Company, 498. 

Yields and Costs of Processes 493 

Zinc Smelting 496 

lUinois 496 

The Matthlessen and Hegeler Zinc Company The IHlnois Zinc Company, The Wenona 
Spelter Company, 495. 



TABLE OF CONTENTS. XVII 

Page 
MiBSOurl 496 

The Glendale Company, Tbe Empire Zlno Company, 496~B. Lanyon & Company, The 
Rich Hill Mining and Smelling Company, 496. 

Kansas 496 

The Pittsbarg & St. Louis Company, S. L. Lanyon & Bro., Robert Lanyon & Company, 
W. & J. Lanyon, The Gran by Mining and Smelting Company, The Cherokee Zinc 
Company, Toe Qlrard Zinc Company, 496. 

Notes 497 

Manafactaring Industries 600 

Lead, 497— Zinc, 498. 

Statistics of Mining 600 

Connty ProdactlonB, 500— Pricea of Lead and Zinc, 601— Prices of Ores, 602— Metallic 
Yields of Ore, 608. 

County Productions of Lead and Zinc 607 

Barrv, 607— Benson, 608— Camden, Christian, 609— Cole, 610— Cooper, 611— Crawford, 
Dade, 612— Dallas, 613— Ei^anklln, 614— Qreene, 616— Hickory, 617— Jasper, 618— Jef- 
ferson, 622— Lawrence, 624— Maries, Madison, 626— Miller, Monltean, 626— Morgan, 
627— Newton, 628— Perry, 680— Saline, St. Francois, 631— Ste Genevieve, Texas, 684— 
Wa^blngtod, 686-Webster, Wright, 638-Total of State by Counties, 639— Total of 
State by Periods, 640. 



PART III. MISSOURI LEAD AND ZINC MINES. 

A Systematic and Detailed Description of the Important Developments and Occurrences of 

Lead and Zinc Ores, 

CHA.E*TER XIV. Tea Mines op the Sodthwestebn District • 648 

The Jasper County Sub-district 644 

Prodactlons of Camps, 646 

The Joplin Camp 647 

The Eagle Mines, 617— Snyder No. 8 Shaft, 660— Etnille Mine, The Raby Mines. The<« 
Modoc Com nany. Roaring Springs Company, Home Mining Company and O'Keefe 
Mine, The Gainn & Lloyd Mine, The Norton Mining Company, 652— The Western 
Zinc Company: The Gobarft Tomllnson Shaft and the Barker Shaft, Scott Diggings, 
Jasper, Short and Temple; Swindle Hill, 663— The Thousand Acre Tract, Rex M. 
& S. Conpany: The World's Fair Mining Company: The Crossman Mines: The 
Sharpe Lease, 665— The Windsor Mining Company: The Hamilton Shaft, 668— The 
Porter Lands and Vicinity, 669— The Consolidated Mining Company and Vicinity: 
Moon diggings, East Joplin, Foar Corner, Mnrpheysbarg, McCrnm, North Joplin 
Mining Company and Nhw York Mining Company, 559— The Granbv Mining and 
Smelting Company: The Baker Shaft in Possiim Hollow, Lone Elm Hollow, Lead- 
ville Hollow. Horsenhoe Diggings. 660— The Tack ahoe Mines: Henry Tncher's Shaft, 
668- The Kohinoor Mines, 665— Crvstal Cave, 666-The South Joplin Mining Com- 
pany, 667— The Roaring Springs Gronp: The Roaring Spr'nirs Land and Mining 
Company, Lee, Roberts & AUeyer's Shaft, The Gregg Shaft, 667. 

The Belleville Camp 669 

The Standard Zinc Company, 670— Mines S3ath of Turkey Creek: The Gaengerich & 
Gregg Shaft, Grave Shaft, Bentley Mines, 671. 

The Lehigh Camp ; ? 572 

The Oronogo Camp 57 

Ashcraft & Uendrlckson Shaft, The Old Oronogo Mines: The Branch Diggings, The 
Circle Diggings, 674— The Alba Mines: The Alba Company's Mine, The Albatross 
Mine, 577. 

The Webb City and Carterville Camp 579 

The South Webb City Group: The Noble Mining Company. 679-The South Carterville 
Group: The Victor Mines, 58i— The Southeastern Carterville Group: The Rich- 
land Mine, The Eleventh Hour Mine, 583 —The Webb City-CartervlUe Group: The 
Center Creek Mining Company, beasley Shaft, 685 

O— lA 



XVIII TABLE OP CONTENTS. 

Page 
The Carthage Camp 589 

The Llnzee Mines, 590 -The Cornell Shaft at Pleasant Hill. 691— The Porter Mines. 
Tne Meyers & Jemmison Mine, East of Carthage, 692— South of Carthage, 698. 

The Scotland Ckmp 593 

The Brock Diggings; Fleming; Grove Creek, Barch, 693. 

The Saginaw or Thurman Camp 594 

The Thurman Diggings, The Johnson Diggings, The Saginaw Lead and Zinc Company, 
694 - Fairbanks Mine, East of Thurman, At High Point, 695. 

The Spring City Mines 595 

The Alpha Shaft, 593— Principal Mining, 596. 

The Galena Camp , Cherokee County, Kansas 596 

The Weilup & Moll Mine, The Sawyer Mine, The Martin & Hughes Mine, The Shenango 
Mine, 699. 

The Newton County Sub-District 601 

The Granby Camp 602 

The Woodcock & Turner Mine, The Bamout Mine, The Cadmium Mine, The Butler 
Mine, The Davis Mine, 60S— Village Diggings, Brock Hollow, Crablree, Holman, 
Hard Shaft, Frazer & Chester, East Fork, Bellew, Hopkins, Mineral Point and 
Poor Man's Diggings, 604. 

The Neosho or Mosely Camp 606 

The Dayton Camp 607 

The Conley Diggings, The Cornwall Diggings, The Baxter Diggings, 607/ 
The Seneca Camp 608 

Potwin & Holmes, 608-The Seneca Lead and Zinc Company, 609. 
The Went worth Camp 609 

The Gobbler Shaft, The Purdy & Jones Shaft, 610. 

The Pioneer Camp 611 

The Northcutt Land, Allen & Stark's Mine, 611— Feney Land; Claicomb, Jones & 
Halley, Martin Land, 66. 

The Lawrence and Barry County Sub-District 613 

The A.urora Camp 614 

Mines of the Black Land: The Allen Shaft; The Kolla Mining Company; The Osborne. 
Ely and oiher Mines, 615— The Cleveland and Aarora Mining Company : The Nathan 
Mine, 617— The Oriental Mine, 618— The Porter Shaft of the St. Louis and Aurora 

Mining Company , The Line Shalt, The Louisvflle Mining Company : Abram & 

Company, 619. 

The Mount Vernon Mining Company 620 

The Purdy Mines 621 

Drake or Henderson Mines, Kelley & Anderson Mine, Stanberry Diggings, McDowell 
Diggings, 621. 

The Greene and Webster County Sub-District 623 

The Webster County Mines 623 

Hazelwood Mines, Teague Creek Mines, 623— Trusty Mines, Marshfleld Mining Com- 
pany, 624 

The Pierson Creek Mines 624 

The Nathalie Mining Company, 626— The Phelps & Eversol or Eaton Mines, 626. 

The AshGroYe Camp 626 

The Murray Mines, Duncan, Darrel, Getty, The Pennsylvania Company, 627— Pickerel 
Diggings, 629. 

The Brookline Camp 660 

The Christian County Sub- District 631 

The Elk Valley or Alma Mines 631 

The Ozark Mining Company. 631— The Elk Valley Diggings, The Lang Mines, The Mil- 
ler Diggings, 682. 

The Finley Creek Mines 632 

McClellan Diggings, Harper's Mlnee, 632. 



TABLE OF CONTENTS. XIX 

Page 

The Swan Creek Mines 632 

Barkhait'B Diggings, Hornbeak Diggings, O'Uayer Diggings, Dysart Diggings, Mo- 
Fadden Diggings, Boaz Mines, Rassieur Biinee, 688. 

The Turkey Creek Mines 634 

Adam Diggings, Roberts Diggings, Barber Creek Diggings, 684. 

The Armstrong Diggings 685 

The Wright County Sub-District 639 

The Lead Hill or Davis Mines. 686— The Berry or Root Mines, The Headley Mines, 687— 
The Mansfield Mining Cjmpany, Brazelton Mines, 688. 

The Dade County Sub-District 639 

The Corry Mines, 6S9-The New Mines, Browning Shaft, The Old Mines, 611. 

Outlying Deposits in the Southwestern District 643 

Stone County 643 

Taney County 643 

King Soloman's Mines, Aboat Protem, 648. 

Ozark County 643 

Texas County 644 

The Cabool Mining Company, Bmnet Diggings, Lead Hill Diggings, 644. 

HowelLCounty 644 

CH AFTER XV . The Mines of the Southbastern District 646 

The St. Francois and Madison County Sub-District 646 

The Mine La Motte Mines 646 

History and Statistics 647 

General Geology 649 

Archean , Lower Silurian, The Basal Sandstone, The Magnesian Limestone, The Lead- 
bearing Qroap, Sdctions, 649— Fiexares and Faults, 662. 

The Ore Deposits 653 

Descriptions ot Minen, Shafts 1 and 2, Shafts Nos. 8 and 4, Shaft No. 6, 654— Th 
Main Faalt, 657— The Copper Mines, 659. 

Other Occurrences of Lead in Madison county 659 

The Bon ne Terre Mines 660 

History and Statistics , 660 

General Geology 661 

Drill-hole Records, 662— Structure, 665. 

The Ore Bodies 665 

Shaft No. 1, Crevices, 666-Shaft No. 5. Shaft No. 4, 667. 

FlatRiver Mines 667 

History and Statistics, 697— General Geology, The Ore Deposits, 668— The Desloge 
Mines. 668 -The Do«i Run Company's Shaft, The Taylor Mine, The Central Min- 
ing Company, 669— Other Developments, 670— The Leadington Company, 671. 

The Doe Run Mines 671 

History and Statistics, General Geology, 671— Drill-hole Records, 672— The Ore De- 
posit, 674 

The Avon Mines 676 

The Ore Body, 076. 

Outlying Mines 676 

Hazel Ran Mine, French Village, Mine a Manteo, 676. 

The Washlngton-Jefterson County Sub-District 677 

Washington County 678 

The Potosi Mines 678 

The Bagg Sbafi, The Mc Arthur Mines. 679. 



XX TABLE OF GONTENTB. 

Old Mines and Vicinity 679 

Old Biines, Prairie Diggings, Soott & Bee Diggings, 679 -Shibboleth Mine, Bellefon- 
taine, Kingston, 680. 
Richwoods and Vicinity 680 

La Beanme Diggings, French Diggings, 680. 
Foarche a Renault and Vicinity 680 

Shore Diggings, Lnpton Diggings, Lynch Diggings, Brock Diggings, 680. 
Irondale and Caledonia 681 

Faqaaher Diggings, Peach Orchard Diggings, 681. 
The Palmer Mines 681 

Parole Mine, 682. 
Mines Northeast of Palmer 683 

Jambo Shaft, Dry Bone Shaft, Kellogg Shaft, Little Saturday Shaft, Poverty Flat 
Workings, 688. 
Crawford County 684 

Mineral Hill Mine, Williams Mine, Hibler Diggings, Rich Hill Diggings, Sappington 
and other Mines, Ransom or Hopkins Diggings, Fort Diggings, 684 -Harman Mines, 
Kings Mountain Mine, Lead Mountain Mine, Mathews Mine, Stanford Mine, Green 
Hill Mine, Eaton Mine, Cole Diggings, Arthur Mines, 685. 

Jefferson County 686 

The Valle Mines Group 686 

The Garatee Mines, The Corn Stalk Diggings, 688— The Valle Mine, Perry Mine, Bish 
Mine, McGormick Mine, Tarpley Mines, 689. 

The Mammoth-Frumet Group 690 

Lee's Diggings, Mammoth Mine, Frumet Mines, 690— Edging lead, 691. 

The Plattin Creek Group 691 

McCormick Mines, Yankee Diggings, How's Mines, 692. 

The Sandy Mines Group 692 

Sandy Mines, 692. 

The Franklin County Sub-District 693 

Golconda Mines, 69S-Otto and Burt Shafts, Cove and Short Mine. Mount Hope Mine, 
Evans Mine, 694— Caswell Mine, Silver Lead Mine, Jeffries Mine, Northumber- 
land Mines, 6i)5 -Virginia Minei, 696— Skinner Mine, Viem^n Mine. Darby Mine, 
Farrar Mine, 697— Thomas Minn, Elliot Mine, Maupin Mines,Cruz Diggings, Shot- 
well Mines, 698— Jack Mioes, 699. 

Outlying Localities of Southeastern Missouri 700 

Iron County 700 

Perry County 700 

McCormick Mine, 7(0. 

Ste. Genevieve County 700 

Madison County 701 

Einstein Silver Mine, 701— Aubuchon Mine, 702. 
CHAPTER XVI. Tn« Mink» ok the Ckxtual District 703 

Cole County 703 

Hickory Hill and vicinity 704 

Farmer Diggings, Henley Bank, McMillan Shaft, Fowler Mine, 701-South or Old Circle 
Diggings, Central Diggings, 7U5 

Ruasellville and Vicinity 705 

Eureka Scott DigginKs. Enloe Dlirginire, Doogan Diggings, Henderson Diggings, 7(i5— 
Boaz DigglngB, R!ipp Dlggiuge, 706. 

Elston and Vicinity 706 

Caspary Mine, Eleton Mine, North of Elston, 706. 

Centretown and Vicinity 706 

Streits Mine, Weaver Diggings, 706 



TABLE OF CONTENTS. XXI 

Miller County 707 

Conlogne Mine, 707— Hoff Diggings, McldiiUQ Diggings, 708— Blackburn DlggingB,GraB8 
Root Diggings, Melton Diggings, Capp Diggings, Bothwell Diggings, 709. 

Moniteau County 710 

High Point Mine. Kellog Diggings, Hart Diggings, Eames Diggings, 710-Beed Dig- 
gings, English Pit, Tiff Diggings, Dickson Mine, English, Sartin & Weils, English 
& Powell, 711. 

Morgan County 711 

Bond Diggings, 711 —Johnson- Davidson Diggings, Bmsh Creek, Madole Diggings, 
Dolph Dlgicings, Brashy Diggings, Cal (well Diggings, 712— Buffalo Diggings, John- 
son Diggings, Wilson Diggings, Strong Digtrlngs, Tole & Skelton Diggings, African 
Diggings, IV(c(k)raiick & Thayer Shaft, Cross-roads Diggings, Townley ft Gnnn 
Diggings. 713~Simons Diggings, KnffmanMlne, Big Three Shaft, Old Clark Diggings, 
PottPr No. 1 Mine, Stover Diggings, Merritt Diggings, Fergnson Diggings, Potier 
No 2 Mine, Wolf Den Diggings, 714-6abrlelle Diggings, Price Mill Diggings, 
Otten Diggings, Irvin Spring Diggings, Cordray Diggings, Weir Diggings, Zollin- 
ger Diggings, 716. 

Camden County 717 

Hanter Diggings, Brain Diggings, Anderson Diggings, Mnrphy Diggings, Perry Dig- 
gings, Pardon Diggings, 716— Old Harold Mines, Jackson Mine, Caldwell Shaft, 
Wheeler Jkllnes, 717. 

Hickory County 718 

Seed Tick Diggings, Carter Diggings, Barytes Diggings, Stearns Diggings, Daniels & 
Brown Diggings, Tatum Mines, Pomme de Terre Mines, 718-Thatcher Mine, 719. 

Benton County 719 

Cole Camp Mines. Holderman Mines, Melton Mines, 719— White Diggings, Hopkins 
Diggings, Deer Creek Mines, 720. 

Cooper County 720 

Old Scott Diggings, Collins Diggings, 720. 
Saline County '. 721 

Marmadnke Diggings, 721 . 

Pettis and St. Clair Counties 721 

Polk County 721 

Dallas County 721 

Bambo Shaft, 721— Hildebrand Diggings, Nasalrod Diggings, 722. 

Laclede County 722 

Pulaski County 723 

Phelps County 723 

MarlesCounty 723 

Qreat Fotnre Mine, Williams Mine, 728. 
Osage County 724 

APPENDICES 726 

A. Study of the Cherts of Missouri, by E. O. Hovey, Ph. D 727 

B. M3tbod3 of Analysis Pursued in the Determination of Minute Quantities 

of Metals in Crystalline and Clastic Kocks, by James D. Robertson .... 740 

C. List of References 743 

INDEX 755 



LEAD AND ZINC DEPOSITS OF MISSOURI 

BY ARTHUR WINSLOW. 



CHAPTER I. 

HISTORICAL SKETCH OF LEAD AND ZINC. 

ASIA AND AFRICA— EUBOPE— AUSTRALIA— SOUTH AMICBICA- NORTH AMRBICA. 

Lead and its properties have been known for a very long period, 
reaching back to before the beginning of history. Zinc was first re- 
cognized only a few hundred years ago, and is, hence, comparatively 
speaking, a modern metal. 

In prehistoric times lead does not appear to have been ex- 
tracted from its ores, either in Europe or in America. Thus, that metal 
is not found among the remains of the Swiss Lake dwellers, excepting 
in very small amounts in bronzes, where it may readily have been de- 
rived from the copper ores used. In America, specimens of galena 
have frequently been found in the mounds of the Mississippi valley ; 
but no metallic lead. Whitney concluded [235, p. 77J, after his exam- 
inations made before 1862, that the metal was, at least, not of common 
use among the Indians, and its reduction was probably taught by the 
white men. 

Within historic times, however, the use of lead dates back to the 
earliest records in Asia, Africa, Europe and America. In the next fol- 
lowing pages we shall briefly sketch the progress of mining and the 
use of these ores in the different countries, during past centuries. The 
conditions at present and during recent years will be found in the 
chapter on the lead and zinc industry, while details of history will be 
found in the description of deposits. 

ASIA AND AFBIOA. 

Asia and Africa are so intimately connected in Biblical and other 
early history that they are best considered together, 
o— 2 
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Lead. — Plinj attribates the discovery of lead to Midae, King of 
Phrygia, in Asia Minor,a eomewhat legendary personage who reigned 
over a thousand years B. C. Lenormant,* however, declares that the 
OhineBe were acquainted with all oielala hb early as 2000 B. C. Lead and 
iron mines were exploited in the desert near lUe Red sea in the time of 
Ibe ancient Egyptians, and the inelal, as well as litharge, was known to 
these people. Solder containing the former is found in ruins ascribed 
to the time of the Pharaohs. The Israelires were commanded by Moses 
(about 1500 B. C.) to purify lead (called opheret) by Are; bat they 
made uo esact distinction between this metal and tin. 

In Assyria, Phienicia, Arabia, Armenia, Ghalilea, Persia, India and 
China are deposits of silver lead ores which were worked by the 
ancients; and in Tunis and Algeria also. The Phamicians ( 1550-55 
B. C.) also worked lead mines in Cyprus and Thasos. The separation 
of silver from lead, by simple melting and oxidation, was prosecuted 
before 600 B. C. in the East. In Japan, lead mining was prosecuiedaa 
early as the 8lh century, 

The uses to which lead and itecomponnds were put by the aucients I 
were numeroos asd often peculiar. The Chinese are credited with \ 
having used flattened lead as money probably as early as 2000 B. 0., | 
aad it was also nsed there for debasing more valuable coinage. 
India il was used as weavei's weights and also as a charm; red lead "j 
was used as a cosmetic, and the medicinal applications of this and other J 
componnds were various. The Egyptians glazed pottery and made J 
solder for wares from lead; they also made amulets and other objectB. 
Wooden anchors of the Phteuicians were filled with lead. They also i 
used leaden cofilns. Lead was used in glass as early as SOO B. C. The ; 
masonry of ancient Babylon was strengthened by iron clamps held in { 
sockets by lead, and the hanging gardens were floored with sheet lead. 
Lead was generally added to ancient bronzes. Lead pipes were also 
need in Asia and Arabia. White lead was nsed as an ointment by the 
Egyptians, bnt not as a pigment. 

Zinc. — The only clue which we have to the uses of zinc in these 
countries in aocient times is in the references to brass and bronzes, 
the two being probably often confonnded. The properties or even the 
existence of the metal itself were not known. Bronzes are known to 

•L'Orrevsrli! d'SUin. Kovne ArcheolDgUgaei i|Qn[fiI b; Fa\t\(i-T \a hli Sole* for a II ewrj 
of Lead. To \Mt iiBlDBlBklDK 1D<I FibiQiUvenorltor Uc. PaUirei Ihf writer wUbn (o make 
icknowleclgBiente for miDy of the f«ct> of Ibe foUnwIng blatorlol aketeli. 
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have been made by the Egyptians. Moses refers to brass in Numbers 
<XXXI, 22), and mention is made of it elsewhere in the sacred writings. 
The manafactare of bronzes and brasses, says Robert Hant [116, p. 5], 
appears to have been engaged in from a very early period by some 
branches of the Phoenician people and the Assyrians. Coming down 
to comparatively recent times, the discovery and p^daction of the 
metal zinc is to be accredited to the East; for, before even its ores 
were recognized in Europe, Libavius (1697), who first investigated the 
properties of the metal, speaks of it as a peculiar kind of tin found in 
the East Indies, whence some brought to Holland came into his hands 
[194, '^oL a J pt. i, p. 251\, 

LEAD IN EUBOPB. 

Lead m'ining of Europe probably began along the shores of the 
Mediterranean, where the knowledge of the metal was most readily ^ 
acquired from the East. 

The Laurium mines, in Greece, are thought to have been worked 
as early as the Trojan wars (about 1200 6. 0.), and articles of lead 
were found by Schliemann among the ruins of ancient Troy. The 
•Phoenicians established themselves at Cadiz as early as the 12th cen- 
tury B. 0. and engaged in or stimulated the mining of lead and other 
ores of southern Spain, and probably those of France also. The Sar- 
dinian mines were also worked by them, and probably those of northern 
Spain and Sicily. The Carthaginians, succeeding the Phoenicians, con- 
tinued with and encouraged mining in these countries. 

Oreece. — In Greece, lead mining was conducted on a large scale 
at Laurium during the 6th and 5th centuries B. G., and to a more lim- 
ited extent down to the Christian era. After that it was practically 
abandoned until 1864. The metal was put to many uses here during 
the early centuries. Bronze coins, between the years 600 B. C. to 60 
B. C, contain from 3 to 30 per cent of lead. Bullets for slings were 
made of it. It was also made into pipes. Other objects were images 
and ornaments, weights and scales. White lead ( composed probably 
of a mixture of the acetate and carbonate ) was used as an ointment 
or cosmetic. At the beginning of our era this was manufactured in 
large quantities in Rhodes, and also at Corinth and in Lacedemonia. 

Brass was also manufactured. It is referred to by Aristotle (400 
B. C.) as Mossinoecian copper, made by melting copper with a peculiar 
earth from the shores of the Black sea. A Greek coin of Trajan, 
struck in Caria 110 -A. D., contained 20.7 per cent of zinc. 
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Bomang and /ta^j/.^Tlie RoinatiB, sncceetling the Oartha^niana, 
condacted lead mining on a large scale in Spain, Sardinia and near 
Africa, aud the^ extended operations ioto France and England, and 
perhaps into Austria. They utilized the metal for the same purposes 
as the Greeks, aud also in masonry, in hoops for casks, lids, armory 
buckets, and ereji for kettles, despite the fact that its poisonous pro- 
perties were known. Waterpipea of this metal were emjilojed exten- 
sively, some as mnch as 30 ins. in diameter. Coffins and vases were 
also made of it. 

After the Roman period, mining languished for centuries both in 
Italy and other countries. In the 11th century the Sardinian mines 
were reopened ; ihey were worked again about 1720, and during the 
past 40 years they have been continuously operated, as will appear in 
the descriptions later. The mines of Sicily were reopened in 1T47» 
but later were abandoned. Mines of the Italian Alps and Piedmont 
were worked in the Middle Ages. 

France. — In Prance the Ph<enicians and G-aals are supposed to 
have worked silver lead ores before the Romans. After the operationa 
of the latter, mining was largely abandoned from the 4lh century to 
the time of Charlemagne (800), when a stimulus was given to the 
industry. It sank again after thai, however, and Spain was principally 
depended upon as a source of supply. The Moors operated mines in 
the Pyrenees. A revival prevailed during the 11th and 12lh centnriee, 
to decline again in the 13th. Lodes of the Vosges were discovered in 
1313. Operationa were resuscitated in the 16th century and continued 
through the 17th and I8th, though on a more limi'ed scale. 

At Ponlgibaud reeorda date back only to the 16th century, but 
remains of early workings indicate a very early dale of mining here. 
Ever since the lllh century operations have been conducted at inter- 
vals. At Huelgoat work was done before l.>78. At Poullaonen ope- 
rtions commenced in ITliS, and over 1000 men were employed in 1760, 
The mines of the Vosges were worked in 1581 and in the last half of 
the 18th century. During the latter period mining was in progress in 
a number of other districts, and also in the Alps. 

The metal was used iu Frauoe for the ordinary purposes already 
enumerated, and, during the Middle Agea, it was employed in coins, in 
vessels and utensils, aud for small sacred images. 

Spain The remarkable lead deposits of Spain were well known 

to the ancients, having been worked by the Phcenicians, Carthaginians 
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and Eomans. Spain then ranked among the foremost mining coun- 
tries. Under the Moors mining also floarished, bat declined after their 
expulsion and the discovery of America in 1492. Active work on the 
Linares deposits began, however, during the last half of the 16th cen- 
tury, and has continued ever since. From the beginning of the 16th 
century to 1826, comparatively but small quantities of ore were pro- 
duced. In that year, however, the mining lands were practically 
thrown open to exploitation of all, by royal decree. The production 
of lead ore then grew immediately to great volume. The mines of the 
Sierra Gador and Sierra Lujar were particularly productive, these 
yielding in 1827 nearly 47,000 tons of lead. In 1839 the deposits of 
Sierra Almagrera were discovered. Deposits in Portugal were also 
worked from very early dates. 

Oermany. — Of lead mining by the early German tribes, the Saxons, 
the Goths and others, we have found no mention. Iron ores were 
mined and reduced by them, and it is probable that the comparatively 
simple processes of lead smelting were known also. About the earli- 
est recorded mining in Germany was in the Harz mountains, near the 
middle of the 10th century. Work was prosecuted here only in a 
desultory manner, however, until the 16th. Mining at Freiberg, in 
Saxony, was begun during the 12th century. In Silesia the industry 
was flourishing in the 13th century, and at that time Germany was one 
of the principal centers. Mining appears to have declined after this ; 
but in the 15th and 16th centuries the works were reopened, and have 
been exploited vigorously ever since. 

Belgium, — Mining in Belgium is of remote antiquity. Ancient 
documents indicate that operations were conducted at Yieille Mon- 
tague over one thousand years ago, for securing calamine, and doubt- 
less the associated lead ores also. Work is also reported to have been 
done here by the Spaniards 450 years ago. Eecords do not date back 
beyond 1640, however. 

Bleiberg, the principal lead deposit, was mainly operated during 
the last fifty years. The lead ores of Belgium are now practically 
exhausted. 

Austria, — In southern Austria the Carinthian deposits were proba- 
bly worked during the Roman period, and they were certainly actively 
developed during the Middle Ages. 

Near Przibram, in Hungary, mining was begun about the middle of 
the 9th century, and at Mies before the year 1100. At Schemnitz 
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deTelopments date from the 12th century. Dniing these early years, 
however, operatiODS were not extenaive, and were proseeated in a 
desultory way. Early in the 16th century the Przibratn mines were 
reopened and have been worked extensively since, 

The Schneeberg mine in the Tyrol was worked on a large scale for 
lead in the lalter part of the 15th centnry. 

Rv8sia.~~ Among the earliest traces of mining in Raesta are tboee 
fonnd in Siberia, where sledges made of stone and of the teetb of ani- 
mals are assigned to the 2d century B. C. Tbe lead mines in the pro- 
vince of Irkoutsk were discovered in 1691. In the Caucasus silver 
lead miuing also dates from remote antiquity. In Poland large amounts 
of lead were produced during the Kith and 17th centuries. 

In Sweden the great lead deposits of Sala are reported to have 
been worked as early aa tbe aixth centnry and were certainly worked J 
by 1280. 

Great Britain. — There is no positive evidence of lead mining IqI 
Great Britain by the ancient Britons, but there are reasons for believ- 
ing that deposits of Oardiganebire and of some other countiea were J 
worked by them. 

From the beginning of Ihe Roman occupation (55 B. C), however, 1 
there is indubitable evidence of great activity, in the Bhape of old] 
waste and slag heaps, old furnace remains, coins, tools, pigs of lead 1 
with Roman brands, etc. Such are found in North Wales, iu North- ' 
umberland, Durham, Cumberland, Yorkshire, Flintshire and Somerset- J 
shire. In the Isle of Man are also traces of very early work. 

After the Kouiau period, mining languished, but was continued, I 
tbongh on a reduced scale, by the Saxons and Danes. Before the Nor.* 
man oonqnest several Derbyshire mines were woiked, and these were | 
about Ihe only ones that continued iu operation np to 1289. 

Iu Shropshire the old Koman Oravel mine was worked duriug the I 
12th and I3th centuries. In Devonshire large silver mines of Beer | 
Alston were in operation in the 13th aud in Ihe 15th centuries. 

The Drst records of operations in Cardiganshire are in 1485; the 
mines here were also extensively operated during the reigu of Queen 
Elizabeth. 

The North of England lead mines were not worked after the de- 
parture of the Romans until 1468, since which time they have been in 
operation at freqnent intervals. 
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Generally speaking, the 16th, 17th and 18th centuries constituted 
a period of great activity in lead mining in England ; large amoants 
were produced and large quantities were exported. 

ZINC IN BUBOPB. 

We have already noted that zinc ore was used before the Christian 
era in the manufacture of brass and bronzes, and it was found in coins. 
Its use in this way continued for many centuries without the metal be- 
ing discovered. Gopper ores containing zinc were the first used, the 
brass being made directly. Later, after the discovery of zinc ore, the 
copper was produced first and the zinc ore was added to convert it 
into brass. 

The ore was generally the carbonate, known commercially in Eu- 
rope, together with the silicate, as cala^nine. It was called cadmiah 

Calamine was obtained before the Christian era from the island of 
Cyprus. In Belgium ancient docuipents relate that calamine was raised 
near* Moresnet at the beginning of the 7th century, but they are of 
doubtful authenticity. There are reasons for believing that the devel- 
opment for calamine of the Yieille Montague deposits began about the 
12th century with the manufacture of brass. In 1435 the grant of con- 
cessions is recorded [209^ p, 95 \. 

In Great Britain the earliest traces of brass are in the mediaeval 
monuments. Here, as elsewhere in Europe, a prominent use was in 
memorial tablets, known as sepulchral brasses. It was highly valued 
.for many purposes, and under Henry VIII, an act was passed prohib- 
iting the export of brass, which was not withdrawn for nearly 30(X 
years. Under Queen Elizabeth a patent was granted for using cala- 
mine in the manufacture of brass. In 1721 thirty thousand persons were 
employed in brass founding in England. Profitable brass works were 
conducted in the Harz during the 16th century, but not until the end 
of the 16th century was the idea advanced by Kunkel that brass was 
an alloy. 

White vitriol, or sulphate of zinc, was first manufactured in 1570. 
It was used for dressing leather and for medicinal purposes. 

The discovery and first mention of the metal zinc was by a Domi- 
nican monk, Albertus Magnus, in the 13th century. He also first 
described the use of furnace calamine in making brass. Probably in 

iThe word cadmia, accordiog to Beckman [ll-vol. ii, p. 33], eignlfled any mineral abounding 
in zinc, as well as any ore inclading the nataral calamine. Ttie farnace-calamine was also given 
this name. 
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thie furnace prodnct at Goelar be fonnd the metal. He called it mar- 
chasita aurea. Paracelsus, who died in 1511, first described it defloitely. 
His descFJptioD, as given by BeckmaDD.is as folio we: \lI,vol, tt, p. 4I.] 

Tbere U another metul, ztcc, which 1b in general unkoowa. It it adiitinct 
metal of a different origin, though adulterated with many other metale. It can be 
melted, for it coneiatB of three iluid principles, but It \e not mslleable. In ita color 
It ia unlike all others, and does not grow in the eame manner ; but with its ultima 
materia I am as yet unaeuuainted, for It Is almoet as strange In ite propeittee as 
argtntum vivuni. It admits Of no mixture, will not bear the fabricatwnes ot other 
metals, but keeps itself entire)}- lo itself. 

As late as l(il7 the metal remained an accidental product of the 
GoBlar furnaces, mnch sought after by alchemists. Its exact natare 
contiuued more or less doubtful thronghout the ITtfa century; it waaf 
often confounded with bismuth. 

Up to the 18(h century all thai was used commercially was im- 
ported from the East, where it was distilled by a special process called 
per descennum. Latge quanlities conlinned to come from there as late 
as 1750. The esact source is not known, but the principal ooutribat- ^ 
ing countries were apparently Cbinn, Bengal, Malacca and the Malabar' | 
coast. The eastern metal was probably introduced into Europe before | 
the beginning of the 17th century, and was donblless discovered in | 
India before the European metal was known. It was Indian zinc that | 
Labavius investigated the properties of in 1597. 

The tirst in Europe who intentionally procured the metal from j 
calamine was Knnkel, probably about 1720. He gave n partial account] 
of the process iu 1711, after learning of its production in England*)^ 
Dr. Isaac Lawson of England apparently made a similar discover?! 
Bhorlly after [ Il'l, p. 13:.']. 

In 1742 Von Swali experimented in Dulecarlia on the production 1 
of zinc by the distillation of roasted blende and coal. It proved too I 
costly, however. In 174(i Margraaf made further attempts. Croustedt I 
and Rinmann finally perfected the process kuovn rb per aicensum, 01 \ 
the Silesian melhodj 797, p. ..>]. 

The beginning of the indnstry in England followed the visit of an j 
Englishman ( probably IJr, Lawson) lo China to discover the process • 
there. As a result, works were established at Bristol in 1743. 

The first conlinental zinc works appear to have been established 
in Silesia abourt liOS. Early in the present century the Abbe Dony 
began to esperimeot in the methods of reduction, which resulted in 
the Belgium process. He applied for a patent in 1809, and established 
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the first zinc works of Belgiam at Liege. These were later developed 
by Dominique Mosselman, and have since grown to their present di- 
mensions. !Not antil aboat 1820 did the manafactare of zinc in Europe 
begin to be a well-established industry. 

OGEANICA. 

Lead mining in Australia, of which we have any record, does not 
go back over 40 years. No zinc ore is mined or known to occur there 
in quantity. 

SOUTH AMERICA. 

The silver mines of Peru were worked probably at an early date. 
Certain it is that before the conquest, in 1533, they were sources of 
precious metals to the native Peruvians. They also knew lead — arti- 
cles of this metal having been found in the ancient graves. The mines 
were worked by the Portugese, and assumed large dimensions after 
1630. In Bolivia the silver mines were discovered in 1545, and were 
worked on a large scale from then into the 17th century. Mining in 
Chili is of later date, probably beginning in the 18th century. 

NORTH AMERICA. 

Mexico, — The oldest mining in North America was in Mexico. The 
Aztecs, before the conquest, worked the silver and lead deposits along 
with others. Lead was obtained from mines near Tasco. The Span- 
iards opened mines from 1520 on, but the most active period was after 
1700. Work was begun on the Zacatecas deposits in 1548. They were 
important producers of silver and lead. The Guanajuato deposits were 
opened in 1559. The massive deposits of Sonora and Chihuahua are 
of quite recent discovery. 

After the expulsion of the Spaniards in 1821, foreigners were 
allowed to enter, since which time English and later American capital 
have done much to develop the mines. 

In Honduras mining was in progress over 200 years ago. 

In Canada the discovery of lead ores is of very recent years, and 
nothing of historic interest is to be recorded. Of zinc there is nothing 
to be said. 

THE UNITED STATES. 

Lead Mining — The earliest discoveries of the United States 
appear to have been in Virginia, near Jamestown. Here, John Berke- 
ley, who was in charge of a pioneer iron furnace, discovered a small 
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vein of galena which he worked for bntlef b and shot. The same depoait 
was snbsefinenlly worked by a Col. Boyd. The Wythe liounty deposits 
of the eastern part of the state were not discovered until 1750, by a 
Col. Chiswell, a British officer. Development was begun at once, and 
with interrnptions during varioua periods, has continued till the present 
time. 

The WaBhington mine in North Carolina was discovered in 1836, 
and has been worked oontinaously since, to recent times. 

In Maryland some Utile lead mining was prosecuted near Ui 
ville, prior to the revolution. In other southern states little was done. 

In Pennsylvania the existence of metalliferous deposits was knowi 
at the time of the Swedish Bettlement [ m, p. 7o ] in 1640, and prob- 
ably included the Chef.ter county lead ores. Lead mining in Hunting- 
ton county was of early date, and was possibly prosecuted by tbi 
French. The Blair county deposits were discovered and worked dur- 
ing the revolution, in 1778, and again in 1795, The principal operations, 
however, were between the years 1864 and 1870, Those of Lancaster 
county were first known in 1845, but extensive work was not begun 
until 1873 ; those of S^orthumberlaud were discovered about 1850, 
though not worked until 1882, Becorded mining of the Chester oonnfy 
ores began in 1850. 

In Sew York Governor Crosby announced a discovery of lead ore 
in 1734. A vein of argentiferous galena was worked at Ancraui, in Co- 
lumbia county, before 1740, and quite extensively afterward. A band 
of German miners opened a vein about the same time in Dutchess 
county. In Ulster county the EUenville mine was opened in 1820, and 
was worked during a number of years afterward, as well as other de- 
posits in the same county. The Bossie mine of St. Lawrence county 
dates from IS'J5, and was worked during the immediately succeeding 
years, and again about 1852. In Sullivan county, the Shawangnnk 
or Montgomery zinc mines started in 1837, but, after a few years of 
operation, were abandoned until 1852. During the past 40 years little 
lead mining has been done iu the state. 

The Connecticut lead deposits, near Middletown, were apparently 
known early in the 17th century, and were probably worked by John 
Winlhrop about 1650. \ m,p. 7'i.\ They had certainly been mined 
before the Uevohitiou. 

In Maasauhnsetts, the existence of lead ore was reported as early 
as 1632 [ L'l-vol. i, p. 40S\, but the flrat notice of mining was in 1765, 
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at Soathampton, aboat 10 years after the discovery of the deposits 
there. At Worcester, ore was dng about the same time. Operations 
at Southampton were resumed in 1809, and continued 20 years by one 
miner ; in 1850 a little additional work was done. The Northampton 
vein was worked a little during 1854. The Newburyport deposit was 
not discovered till 1874. 

The New Hampshire deposits at Eaton were discovered in 1826, 
and were worked at intervals duringthe next 30 years. The Shelburne 
mines were operated between the years 1846 and 1849. 

In Maine, the Labec mines were opened in 1832, and small quan- 
tities of ore were produced. These and other New England deposits 
have dropped out of notice during the past 50 years, with the devel- 
opment of the richer and much more extensive ore bodies of the Mis- 
sissippi valley and of the western country. Their principal interest 
lies in their isolation and historic associations. 

In the Mississippi valley, the earliest report of the discovery of 
lead ore is that of Nicolos Perrot [l^lj p* 498] in 1692 in Wisconsin, 
but this is of doubtful reliability. Certain it is, however, that Lesueur 
found the metal in both the upper and lower Mississippi areas in his 
expedition of 1701. 

The develop inent of the extensive Missouri deposits much pre- 
ceded that of Iowa and Wisconsin. It began about 1720, at Mine La 
Motte and other localities. It continued from then uninterruptedly to 
the present time, increasing almost constantly in magnitude, though 
there were a few periods of partial interruption. The western Mis- 
souri ore bodies were hardly known before 1850, and they were not 
extensively opened until about 1870 ; since then their yield has increased 
enormously. 

In the upper Mississippi area, nothing seems to have been done 
tintil nearly the last decade of the 18th century. In 1766, John Car- 
ver found lead at Blue Mound. About 1788, Julian Dubuque began 
mining at Dubuque, and continued until about 1810. After this, little 
was done until the occupation of the country by Americans in 1821. 
Then the developments of lead mining over the whole upper Missis- 
sippi area became rapid, and the industry assumed large dimensions 
between the years 1840 and 1850. Since that time it has been compara- 
tively small. 

In southern Illinois the Massac and Hardin county deposits were 
opened before 1821. The Eosiclare mine was discovered in 1839 and 
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worked about 1842. Operations in the adjoiDing conoties of Kentucky 
were principally between the years 1865 and 1875. 

In Kaunas, Swallow [ SIS, p. 58 ] refers in lH6(i to a little lead ore 
fonnd in Miami and Linu coanties. Attempts had been made to mine 
it before then. The only important deposits, in Oiierokee county, 
were not discovered until 1870, 

In Arkansas, lead and zinc ores have been known for fifty years. 
Only desnltory mining has been done. 

The great lead ore bodies of the far west are of comparatively 
recent development, none being generally known forty years ago. 

In Utah the Mormons claim to have mined the ailver lead ores of 
Beaver coonty in 1861 ; those of Bingham canon were opened in 1863. 
Tbe deposits of the Cottonwood district, including the Emma, were 
discovered in 1864 ; the Emma mine was not opened until 1870, how- 
ever, and was abandoned in 1875. The Horn Silver deposit was die- 
covered in the latter year. 

In N^evada, the Lander county deposits were discovered as early 
as 1863; the Kureka deposits soon after, in 1861, but their value was 
noi determined until 1S70. Those of Ltucolu county were also die- 
covered in 1864, of Esmeralda county in 1867, and of the White river 
district in 1869. 

In Montana, the argentiferous galena of Jefferson county was 
known before 1865, and smelters were soon after erected. Because 
of diflicnllies of transportation, however, much ore was not smelted for 
some ten years. 

The Colorado lead and silver deposits at Georgetown were worked 
in 1866, but the great carbonate deposits at Leadville were not discov- 
ered until 1874, and mining was not well under way there until 1876. 
The Aspen deposits were developed about 1882. 

In Idaho, argentiferous galena was discovered near Idaho City as 
early as 1867, the South Mountain depositn about 1871, the Wood 
River in 1873 and the Ca'ur d'Alene within the past ten years. 

In South Dakota, most of the little lead mining done has been 
during the last decade. 

Zinc mining— The association of zinc ores with the lead ores 
of many of the deposits of the United States, both in the east and 
tbe west, led ueceseartly to this mining along with the latter ores. To 
the majority of miners zinc com|)oands were probably unknown and 
hence not recognized. It is probable, however, that their exietence in 
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the country was known before the beginning of the present century. 
The earliest reference to such ore in the Mississippi valley is in 1810 ; 
the New Jersey franklinite deposits were discovered in 1820 by Dr. 
Fowler [28, p. I46]. 

Zinc was first manufactured in the United States in 1838 [178]. 
This was at the arsenal in Washington. The ore used was the red 
oxide from New Jersey. The process proved very expensive, and 
nothing further was done. 

The New Jersey Zinc company was organized in 1848 with works 
at Newark. Numerous attempts had been made to utilize the Sterling 
Hill ores, but none were successful before this. The Belgian method 
was first adopted, but was not a success, because of the corrosive ac- 
tion of the oxide of iron in the ores upon the retorts. This failing, 
the manufacture of zinc-white was perfected and continued uninter- 
ruptedly. 

The Saucon Valley deposits in Pennsylvania were discovered in 
1845. In 1853 the who e property was acquired possession of by the 
Pennsylvania and Lehigh Zinc company, and zinc- white furnaces were 
erected at Bethlehem under the direction of Samuel Wetherell. In 
1856 experiments were conducted at these works by Matthiessen & 
Hegeler for the reduction of the ores by the Silesian method, but this 
failed also. Wetherell then experimented with open furnacef>, drawing 
the vapors through beds of incandescent anthracite ; Joseph Wharton 
tried a similar process at Oamden, New Jersey, but both undertakings 
failed. Wetherell finally returned to the use of the upright retorts, 
and was able to prepare them of sufficiently refractory materials. The 
Lehigh Zinc company then returned to the Belgian furnace, and the 
Bethlehem works were erected in 1860. After that date works were 
built at Newark, New Jersey, Bergen Point and Trenton. 

Small zinc works have been erected at Constable Point, in New 
York, and near Ansonia, in Oonjiecticut [ 12, p 15]. 

The Blair county (Pennsylvania) zinc deposits were operated be- 
tween 1864 to 1870, and those of Lancaster and Northumberland coun- 
ties later. Works were erected in Lancaster county and at Birmingham 
in that state. 

The Wythe county zinc ores of Virginia were not utilized until 
after the war. Furnaces have been built here and also at Knoxville, 
in Tennessee, during recent yearp, for the reduction of the home ores. 
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In the Mississippi valley the beginning of the zinc industry was 
with the erection of the works at Mineral Point and at La Salle, Illi- 
nois, by the Matthiessen & Hegeler Zinc company in J860. Those at 
Peru were built later. 

In Missouri zinc was not manufactured until 1867, when a small 
plant was erected at Potosi. The Martindale zinc works at Garonde- 
let were established in 1869. Following closely upon these were estab- 
lished at the same place successively the works of the Missouri Zinc 
company and of the Garondelet Zinc company; at St. Louis, those of 
Page and Krause and Washington furnace ; and in Washington county 
the Hopewell furnace. The great zinc deposits of Kewton and Jasper 
counties were not drawn upon until 1871. These ores were first 
shipped to LaSalle, but, in 1873, the Weir City (Kansas) works were built, 
and others at Pittsburg in 1873. The Joplin and other Missouri works 
were not built until after 1883. 



CHAPTER II. 

LEAD AND ZINC AND THEIR COMPOUNDS. 

THK MKTALS— NATURAL COMPOUNDS OF LIAD— NATURAL COMPOUNDS OF ZINC. 

THE METALS. 

Lead — Lead is a bluish-gray, opaque metal, very soft and mallea- 
ble, but ouly somewhat ductile. It is readily cut with a knife or 
scratched with the finger-nail, but is not easily drawn into very fine 
wire. It crystallizes in the isometric system in octahedral or dodecahe- 
dral forms [57, p. ^4], but is rarely found crystallized and usually 
occurs in thin plates and small globules, or in dendritic, wire-like 
forms. 

The hardness of lead is 1.5 its specific gravity, according to Dana, 
11.37, and according to Deville, 11.363 [251, p. 360], while Eeich deter- 
mined it for ingot lead to be 11.352, and for sheet lead 11.354. Its fusi- 
bility is about 330^ 0. (334^ Person^; it emits vapors at a red heat and 
volatilizes at a white heat. Fizeau determined the expansion of a unit 
of length from O"* to 100° 0. to be .002948, and its electric conductivity, 
according to Weidemann and Franz, is 8.5, that of silver being 1. Its 
specific heat is .0314 (Eegnault). Its tensile strength is very low, a 
wire Aj of an inch in diameter being broken by 30 ,lbs. Broken by 
torsion at ordinary temperatures it exhibits a fiberous fracture ; broken 
by the blow of a hammer at a temperature near fusion, it shows a 
somewhat crystalline fracture. It tarnishes readily on exposure to the 
air or on contact with water and air. 

Pure water has no action on lead at ordinary temperatures, though 
the presence of a small amount of antimony (1.7 per cent) in the metal 
renders it slightly soluble, according to Bischof. Vapor of water is 
decomposed by lead at a red heat. It is readily soluble in dilute, cold 
nitric acid and in concentrated boiling hydrochloric acid; it is not 
attacked by dilute sulphuric acid, but is dissolved by the boiling con- 
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centrated acid, tbongh in this case Hasenclever and others determlQed 
that the small perceutagea of antimony retarded solution. In the ab- 
sence of air, acids in general do not attack lead at ordinary tempera- 
tures [!63, p. '.']. 

The metal may be said to be never absolateiy pure, and contains 
generally small (]aautities of silver or antimony, copper and iron, with 
occasionally zinc, nickel and bismuth. These impurities are associated 
with various brands of commercial leads, and atfect their uses in the 
arts; the presence of about '2% of arsenic hardens the lead and is 
beuce added in shot; antimony, zinc, bismuth, arsenic and silver in- 
crease its briltleness. Lead and its compounds are poisonous. 

Various alloys of lead are used, the principal of which are : type 
metal, consisting of 80% lead and 207r, antimony ; hard and soft 
pewter, composed of tin with respectively 8 and 189^ of lead ; and 
plumbers' solder, consisting of 6G'/; of tin and 33% of lead. Such 
alloys fuse generally at a lower temperature than either of the metals 
alone. Thus an alloy of lead, bismuth and tin, in the proportion of 
5-8-3, fases at 94.4^ C, while one, known as Woods alloy, composed of 
these metals in the proportions of 8-154 and S of cadmium, fuses at 
70° C. Molten lead and zinc do not mix in all proporiions; lead takes 
only 1.6% of zinc, while zinc takes only I.IJ^ of lead. An addition of 
l^c of zinc to lead makes the lead harder and susceptible of polish, 
though not lees malleable. An addition of bismuth makes the mixture 
more homogeneous. Lead alloys with silver in all proportions, the 
alloy being more fusible than pure lead; also with arsenic, tin, anti- 
mony, bismuth, mercury, thallinm and manganese. 

Zinc. — Zinc is a white, lustrous, opaque metal, susceptible of a 
somewhat high polish. In familiar forms it is not malleable or dncllle, 
but somewhat brittle at ordinary temperatures. The texture is always 
crystalline, sometimes granular, sometimes lamellar. 

Pare zinc is ductile and malleable ; much less so if impure, like the 
zinc of commerce, which can be broken with the blow of a hammer. 
It is made more ductile by regular compression {H'7, p. !.^\. Tin and 
copper diminish the malleability ; iron increases the hardness if not in 
excess; cadmium makes a malleable alloy. Wnrtz observes that zinc 
becomes malleable at a few degrees above 0", but when heated to 200° 
0. it again becomes brittle, while between 100' and 150= it maybe 
drawn into wire and rolled into plates. When cast at a temperature 
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near the melting point it is more malleable than when cast at a higher 
temperature, and is also less acted npon by acids [165]. 

Zinc fuses at 410'* C. (Wurtz), 433° (Person), and volatilizes at 891 
( Becguerel), 1040° ( Deville and Troost ). Its hardness is 2, being thus 
somewhat softer than copper and harder than lead. Specific gravity 
according to Bolley, varies from 7.109 to 7.178 ; according to Brisson and 
Karsten from 6.861 to 7.300 with different physical conditions. Speci- 
fic heat is .09665 between 0° to 100° 0. [16o,] When heated from 0° to 100° 
C. zinc increases ih in length. Its heat conductivity seems to be very 
variable, or at least the results are very discordant, varying from 19 
(Wiedeman) to 64.1 (Calvert and Johnson), that of silver being taken at 
100. The electrical resistance of a wire 1 mm. in diameter, per meter 
of length, is .0724 ohms ; it increases with temperature. 

According to Berthier, a zinc wire .0784 inches in diameter breaks 
under a weight of 26.455 lbs. [165], With Werthiem, a permanent 
elongation of i mm. per meter, of a bar 1 mm. square, took place with 
tensions of .75, 1.00 and 3.20 kilograms, according as to whether the 
bar was drawn, annealed or cast [197, p. lo\. The same observer 
determined that the coefficient of rupture of a wire 1 mm. in diameter 
was 1.6 kg., with cast metal, and 12.50 with the drawn and annealed. 

Zinc crystallizes in rbombohedral forms of the hexagonal system. 
Dana notes that it also appears to crystallize in the isometric system, 
at least in various alloys. 

It tarnishes on exposure to air, but an oxide,* or a hydro-carbonate 
of zinc is then formed, which protects the metal from further oxida- 
tion. This fact makes the metal valuable for out-door uses ; thns, Pet- 
tenkofer found that a sheet of zinc exposed as part of a roof for 27 
years was oxidized to a depth of only .01 mm. 

The fracture of zinc is granular or coarsely crystalline, dependent 
upon the temperature of casting. 

Zinc dissolves in hydrochloric and sulphuric acids and in boiling 
solutions of potassium and sodium hydrates. The pure metal does not 
dissolve readily in acids, and the easy solubility of commercial zinc is 
attributed to the galvanic action produced by the presence of small 
quantities of other metals. Heat and concentration generally increase 
the solubility. Nitric acid dissolves it freely. Sea-water attacks the 
metal much more than pure water. 

'BenellOB regarded this as a definite sab-oxlde, bat Proast, Davy and most chemists have 
regarded it as a mixture of oxide and finely divided metal. 

o— 3 
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Zlriij precipltateB a large number of other metals from a solation 
of tb<*lr hhUh; it reduces many oxides, sulphides, chlorides, bromides, 
UhIUIom and fluorides. 

Th«r« arc a number of alloys of zinc, the most common being 
braNN, which conNlstH of copper mixed with from JO to 35% of zinc, 
(^i^rman Nllv<*r In an alloy of copper, zinc and nickel. Some bronzes 
aiNO r.ontain Mmall quantities of zinc. It also alloys with antimony, 
platinum, tin, iron, mercury, silver, potassium, sodium and aluminum. 

(/onimcu'cial zinc always contains small quantities of lead, iron and 
I'.arbon. Not infrrquontly small traces of sulphur, arsenic, antimony, 
tin, copp«U', manKaneHe, nickel and cobalt are present. About the 
puri*Mt zinc rnaniifa(tture<l Ih from the red oxide of New Jersey. Ameri- 
can zinc do(«N not contain appreciable quantities of arsenic. Cadmium 
particuliirly cliaracterjz(»H Bilesian zinc; tin specially that of Swansea 
and New «lcf Mcy | /.v;, p, d |. 

TIIK NATURAL COMPOUNDS OF LEAD. 

Moth lead and zinc are very rarely found in the native state; but 
tlu^y arc cHNcntial coiiHtituonts of a p^reat number of mineral species. 
(Comparatively few of thcHC species ure, however, of common occur- 
r«Mice, and a Ntill Nmaller number occur in sufficient quantities to be of 
commercial importanc;c aixl to appfarinores as technically defined. 
Thin fae.t will be allowed to control the following desciiptions of com- 
pounds ; chh^f prominence and attention being given to those minerals 
which conNtitiite ores, while those of rarer occurrence will be only 
brieliy Y^f^hwYiHl to. 

By far the mont common lead compound is the sulphide-^^alenite, 
familiarly called galena; after this come the carbonate, cerussite, the 
sulphate, anglesite, and the phosphate, pyromorphite ; the oxide minium 
is also al)undant in some localities. Of zinc, the sulphide, sphalerite, 
more generally known as blende, is also the most common of ores, 
though the hydrous silicate, calamine, and the carbonate, smithsonite, 
are almost e(iually so ; the hydrous carbonate, hydrozincite, the oxide 
z incite, and the anhydrous silicate, willemite, are also of frequent 
occurrence. 

Native Lead — Very rare; generally in thin plates or scales; 
found in dolomitic limestone at iron and maganese mines in Wermland, 
Sweden. At the Ilarstig mines isometric crystals occur, with a small 
per cent of silver (less than O.S'o). Hartman regards the metal to have 
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l)eeD redaced by arsenions acid. It has been recognized in meteor- 
ites. [ 162^ p. 2. ] It is also fonnd in gold washings of the Urals ; 
doubtfully in globules in galena of Alston Moor, England; in lava of 
Madeira ; in Garthagena, Spain ; in carboniferous limestone near Bris- 
tol and at Kenmare, Ireland ; in amygdaloid near Weissig; in basaltic 
tuba in Moravia ; in Vera Cruz in limestone, and in Peru. Eecently 
its occurrence near Saric, Sonora, Mexico, has been noted in thin 
scales and small pellets. In the United States it is found in limestone 
near Saratoga ( ! ) ; at Breckenridge and Gunnison, Colorado ; in the 
Wood river district, Idaho ; and in the gold placers of Montana. Ac- 
cording to Bischof, when found in cavities of volcanic rocks it may 
have been reduced by high temperatures. 

Calenite* 

Syn,: Galena, lead sulphide, sulpburetof lead, lead glance, potter's lead ore, 
specular galena, '"mineral," slickensldes, gravel mineral. 

Var : Johnsontite or supersulphuretted lead (with excess of sulphur by decom- 
position), bleischweif ( with Zq, Fe, Sb), targionite (with Sb, Fe), 
Bteinmannite (with As, Sb), fournetite (with copper ore), plumbeine 
( pseudorph after pyromorphite ) . 

This mineral is of pure lead gray color, opaque, and with a bright 
metallic luster. Specific gravity 7.4 to 7.6; hardness 2.5to2.'i5. It 
melts at a red heat, and is volatilized at a higher temperature. 

It crystalizes in the isometric system, commonly in the form of the 
<)ube or cubo-octahedron, less often octahedral. It has a highly per- 
fect cubic cleavage and a less perfect octahedral one. 

It is composed of sulphur and lead (Pb S), containing 86.6 parts 
of lead and 13.4 parts of sulphur. As accessory constituents there is 
always some silver present and occasionally sulphides of zinc, copper, 
cadmium, antimony, bismuth, and sometimes native silver and gold. 

It is decomposed by strong nitric acid, the sulphate of lead being 
formed, and by concentrated boiling hydrochloric acid forming chlonde 
of lead. It is practically insoluble in water, but is soluble in waters 
containing alkaline sulphides. 

Galenite is generally found in imperfectly formed cubes — these 
frequently in clusters, with octahedral faces developed on some of the 
corners, and with other portions of irregular outlines attached to rocks 
or other minerals ; it also occurs in lenses and in massive sheets, and 

(*) Formaohof ihese deBcriptlODB of miDeral Bpecies we are especially indebted to Dana's 
SyBtem of Mineralogy, 6Cb edition, and to E^leatoa's Synonyms. To avoid nseless repetition, ref- 
-erence to these works wiU therefore be omitted in the immediately following pages, except in spe- 
cial oases. 
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wheu bedded in clays is often in irregular biooks or masBes with smooth 
surfaces and rounded edges coated with the oxide or carboiiate ; it 
also oc(^a^s in a granular condition loose or disBeininated tbrongb rock, 
sometimes cementing sand grains in nodnles; the crystals are some- 
times in skeleton "reticulated" forms and partially decomposed. It 
is rarely fibrous. 

As OGonrriag in nalare, galenite is generally formed from sola- 
tion, probably through the reduction of sulphate of lead by orgaoic 
matter, also through the action of sulphide of sodium upon a soluble 
lead silicate in the preseuce of au alkaline carbonate. [199,p. 31S,\ 
Artificially it is formed by distillaf ion iu furnaces, by beating the oxide 
or silicate of lead with rapor of salphur, by tbe action of decomposing 
animal matter on lead sulphate io water saturated with carbonic acid 
[9, p. 5fl], by passing steam over lead sulphide at a white heat. [39, 
vol, iv, p. 3S7,] It may be precipitated from a solution of a chloride by 
hydrogen sulphide or by an alkaline sulphide. [01, vol. >),p- 4^5.] 

Cerussite. 

Syn.i Le&d carbonate, white lead ore, dry bone, wool mineral, black lead 

black lead spar, dlprlamitlc lead birjt, spar, earthy lead ipar, lead 
earth, native glass ot lead, zinc lead spar. 
Far .- iKleaiaeite (with Zd ), pboeegeolte ( with PhcU ), hjdro-ceiuaelte, lead* 

hllllte (lead carbonate and eulphatf). 
This compound is of variable appearance, ranging in color from 
while through gray into black, sometimes tinged bine or green by salts 
of copper. Luster adamantine to vitreous, sometimes sub-metallic, 
Sp. gr. fi.46 to 6.57; hardness 3 to 3,5. Very brittle, with concboidal 
fracture. It crystallizes in tbe ortborhombio system, in tubular, pris- 
matic and pyramidal forms, twins very common; crystals in aggre- 
gates. Distinct cleavage. 

It is composed of lead oside lfi.5 parts, and carbon dioxide 83.5 
parts (PbCOj) containing 77.5 per cent of lead. It generally oon- 
taiuB small quaniilies of silica,iron and other impurities. It is solable 
in dilute nitric acid with eflerveacence, and to some extent in water.* 
|/^, roi. ii!,p.4^S.] 

CeruBSiie is generally found massive, earlhy and compact in irreg- 
ular, rounded shapes; It is often granular, rarely fibrous, also etalac- 
litic and in pseadomorphs ; also gray and ashy in cavities, and coal- 
ing galena. 
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It is nsnally formed from the oxidation of other lead compounds , 
generally galenite, which, probably, is first changed to the sulphate, 
and the latter compound then converted into the carbonate by per- 
colating waters holding earthy or alkaline carbonates in solution. 
Artificial lead carbonate is formed by the action of an alkaline car- 
bonate on a lead salt in solution ; also by the action of carbonic acid 
upon the basic acetate of lead, and in other ways. 

Hydrocerussite, a closely related compound, differs from it by con- 
taining 2.3% of water. It occurs very sparingly as a coating on native 
lead in Sweden. 

Anglesite. 

Syn : Sulphate of lead, lead vitriol, lead mineralized by vitriolio acid. 
Var : Linarite ( w'ith Cu), hydrous anglesite, oaledonite (basic sulphate of lead 
and copper). 

It is of white, pale yellow, green or blue color, with adamantine 
or resinous and vitreous luster, transparent to opaque. Sp. gr. is 6.12 
to 6.25, hardness 2.75 to 3. It is very brittle, with a conchoidal 
fracture. Cleavage is distinct, but interrupted. It crystalizes in the 
orthorhombic system, often prismatic, sometimes tabular, also pyra- 
midal. 

It is composed of sulphur trioxide 26.4 parts, and lead oxide 73.6 
parts (Pb SO4), containing 68.3 parts of lead. 

Anglesite is soluble in citrate of ammonia, difficultly soluble in 
nitric acid, slightly soluble in large quantities of water.** 

It is changed by alkaline carbonates to carbonate of lead; it is 
dissolved by hot ammonia, but reprecipitated when cold. Ammonia 
salts also dissolve it more or less [162, p. 84] ; it is fusible at a high 
temperature. 

Anglesite is found in crystals in cavities of galenite crystals, some- 
times stalactitic, also massive, granular to compact, in nodular forms, 
often surrounding a nucleus of galenite in concentric layers. 

In nature anglesite is generally formed by the direct oxidation of 
the sulphide of lead, galena ; artificially lead sulphate is precipitated 
from a solution of a lead salt by sulphuric acid or by a solution of a 
sulphate. 

• For 21,8(6 parts of water [U, iii,p 4eS]. 

At 11°C 0004588 in 100 parts water. 

At IS^'C 000)166 in 100 parts of water. 

V. B)th, qaotsd by Emmons [78, p. 551] . 
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Pyromorphite. 

Syn,: Phosphate of lead, green lead ore, brown lead ore, brown lead spar^ 

green lead spar, pencil stone, rhomboldal lead spar. 
Var.: Polyspbaerite with sub-varieties, miesite, cherokine, nnsaierite, all 
containing lime. Chromlferoas and arseniferous varieties also exist. 

The color is of varioas shades of green, yellow and brown, some- 
times grayish white. Streak white. Translacent. The hardness is 
3.5 to 4 ; Sp. Gr. 6.5 to 7.1 when pure. It is brittle with an uneven 
firactnre. Crystallizes in the hexagonal system in prismatic forms in 
branching groaps, often barrel-shaped. It is composed of lead phos- 
phate 89.7 parts, and lead chloride 10.3 parts [ ( Pb CI ) Pb4 Pa Oia ]^ 
containing thas 76.3 per cent of lead. Small quantities of lime are 
frequently present, and, at some localities, arsenic, is common, and 
elsewhere chromium; small percentages of iron are generally con- 
tained. When not in crystals it is often globular, reniform and botry- 
oidal, also fibrous and granular, massive and earthy, as a coating on 
cerrussite. It fuses easily ( F. 1.5) ; it is soluble in nitric acid. 

Minium or. Lead Oxide. 

It is amphorous and pulverulent, occasionally exhibiting crystal- 
line scales under the microscope. Opaque of red and yellow colors, 
with an orange streak. Dull luster. Hardness 2 to 3; S p. Or. 4.6. 
It is composed of oxygen 9.4 parts and lead 90.6 ( Pb O ). In nature 
it is derived from galena; artificially it may be obtained in small crys- 
tals by heating lead carbonate in a ball of potassium and sodium nitrate 
at 300^C. It melts at a red heat. Very slightly soluble in water. 

Minor Compounds. 

In addition to these ore- forming compounds of lead, there is a large 

number of other compounds of comparatively rare occurrence. Pro- 
minent among these are : 

Chromates. — These include crocoite, a red chromate of lead which 
is found sparingly in prismatic crystals ; phoenichroite, a red or yellow 
basic lead chromate ; and vanguelinite, a green to brown phospho- 
chromate of lead which occurs in monoclinic crystals and in mammillary 
concretions. 

Molybdates, — Wulfenite is the only important molybdate of lead ; 
t occurs in tabular crystals of the tetragonal system and is generally 
of yellowish color. It is not of infrequent occurrence in small quan- 
tities. 

Antimonates. — Monimolite is an antimonate of lead, iron and some- 
times calcium. It occurs usually in octahedrons of yellow or greenish 
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colors. Bindlieimite is an amorphoas, hydroas antimonate, of white to 
brown color. 

Arsenates. — Mimetite is the most common lead arsenate and occurs 
in hexagonal crystals and rounded forms ; it is of a pale yellow to brown 
color. Other rarer compounds are carmetite, a lead and iron arsenate, 
and balydonite, a lead copper arsenate. Ecdemite is an arsenate of 
rare occurrence. 

Oxides. — Massicot is the lead monoxide of not very rare occur- 
rence; it is massive, earthy or crystalline, of yellow and sometimes 
red color. Minium, the combined monoxide and dioxide is a compar- 
itively familiar compound which occurs generally in a pulverulent con- 
dition, and of a vivid red color. 

Silicates. — Barysilite, ganomalite and hyalotekite are silicates of 
lead which have been identified principally at Wermland, Sweden ; 
they occur sparingly, mixed with other minerals. 

Sulphantimonites. — Zinkenite is found at several localities in ortho- 
rhombic crystals and massive, of a steel gray color and metallic luster. 
Jamesonite is of similar appearance and composition. Bournonite, con- 
taining copper and lead, is also in orthorhombic crystals and of metal- 
lic luster and steel gray color. Less known sulphantimonites are 
plagionite, warrenite, boulaugerite and others. 

SulphatO'Carbonates. — Leadhillite, commonly a white or yellowish 
compound occurring in tabular crystals of the m )noclinic system, and 
found in small quantities associated with lead ores. 

SulphO'hisumites, — Galenobisumthite, cosalite, kobellite are the 
most prominent, though several others are known. 

Vanadates. — Ttie combined vanadate and chloride of lead, van- 
adinite, is probably the best known — j^ red or yellowish mineral found 
at a large number of localities, often associated with wulfenite ; des- 
cloizite is another of much mineralogic interest, and there are several 
more. 

In addition to these there are several other compounds, such as 
chlorides, oxychlorides and salpharsenites, which we will pass by with- 
out further mention. Some of these minerals are of quite frequent 
occurrence, but this is generally in small quantities in rocks or as acces- 
sory constituents of ore bodies; none are to be classed as sources of 
lead supply. 
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THB NATURAL COMPOUNDS OP ZINC. 
Native Zinc — The occorrence of the raelal iu nature JB doubt- 
ful, though it has been reported in Anetralia and in Georgia and Califor- 
nia of tbia country. 
Sphalerite. 

5yn..' Zinc sulphide, blende, pee u do-galena, false galena, steel blende, mock 
lead, sulpburelorzlDc, zinc blende, black-jack, jack, lOBin-Jack, apeckle- 
jaok, pebble>jack, garnet blende, ruby blende, radiated bleDde, wild Ifadt 
strawberry blende, mcwjkjack, brazlll. 
Far..- PrEibramite ( with Cd ). wurtzltef heaagonal ), clelophace ( pure while), 
rabtlte ( with Cu ), marlatlte and marmatite ( wttb Fe ). plumblleroaa 
. blende, niarasollte ( with tree tj ), mercurial blende. 

When pure, sphalerile is nearly colorless, but asconiiuonly found, 
it la yellow, brown or black ; it is also found yellow and green and of 
a bluish lead color. The streak ia brown to white. It is transparent 
to translnceut, with a resinous to adamantine luster. Itnttle. with a 
conoboidal fracture. Hardness ia 3.5 to 4 ; S. Gr. 3.9 to 4.1, but at tbe 
highest temperature of the assay furnace it appears to volatilize with- 
out fusing [ 105 ]. It is practically infusible. Sphalerite crystallizes in 
the isometric system in dodecahedral forms, oflen twinning, the crys- 
tals being frequently highly complex and distorted. 

The oomposition of sphalerite is sulphur 33 parte and zinc 67 parts 
(Zo S), but it often coulalus impurities, such as iron and manganese 
and sometimes lead, copper and cadmium, and other metals more 
rarely. It is sometimes argentiferous. 

This mineral is decomposed and dissolved slowly by bydrocbloiio 
and sulphuric acids; more actively by uitrio aeid. Digested for sev- 
eral hours in a couceotrated solation of potash, it dissolves com- 
pletely [l!'7,p.61]. 

Sphalerite occurs in imperfect crystals, isolated or in clusters, 
embedded in clay or orther matrix, disseminated in rock, or attached 
to surfaces of walls iu cavities as crystals or stalactites; it is often 
massive and cleavable, also gran ular, coarse to hne and compact, some- 
times foliated, tlbrous or radiated, in scales, also botryoidal ; at Galena, 
Kansas, and near Jopliu, Missouri, it has been found in a soft pure 
white clayey condition as redeposited from solution. Cubical crystals 
of blends have never been formed artiflcially, but warlzite crystals 
have been iu several ways. Senarmont produced such by heatiug the 
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sulphide in HaS under great pressure. Crystals have also been formed 
by volatilizing the sulphide [ 197^ p. 59 ]. 

In nature, this mineral is probably generally formed from solutions 
of the sulphate, through the intervention of organic matter or some 
other reducing agent. Artificially it has been prepared in a similar 
way by the action of putrefying oysters on a solution of the sulphate^ 
the shells becoming converted in part into carbonate of zinc incrusted 
with some sphalerite; it may also be prepared by heating the oxide or 
silicate in vapors of sulphur. It seems also to have been formed by 
volatilization and recondensation [39, vol, iv,p. 388], Zinc combines 
directly with sulphur with difficulty and violence; finely divided zinc 
and sulphur compresssed three times in succession under 6500 atmos- 
phores produced a block resembling sphalerite. The oxide, sulphate 
and carbonate heated with sulphur yield the sulphide readily [ 197, 
p. 56 ]. 

Sulphuretted hydrogen precipitates a white, hydrous sulphide from 
solutions of weak acids, like acetic ; if an excess of acetic acid or of 
acetate of soda be present, the precipitation is complete from solution 
of any salt. The white sulphide thus precipitated is soluble in mineral 
acids, but insoluble in alkaline sulphides as well as in caustic alkalies 
and all saline carbonates. Alkaliiie sulphides and sulphates in general 
precipitate the white sulphide [ 197^ p. 131]. 

Calamine. 

Syn.i Zinc silicate, electric calamine, hydrous silicate of zinc, zinc calamine, 

galmey, prismatic calamine, prismatic zinc barite, siliceous calamine, 

siliceous oxide of zinc, smithsonite, vanuxemite, zeolite of BreiBgau. 
Var.: Wag! te (concretionary, light blue), carbonated, argillaceous, moresne- 

tite (with Al, Fe and N^i j, vanuxemite ( mixture of silicate and white 

clay). 

The color, when pure, is white ; it is also yellowish to brown and 
sometimes of a bluish tint. It is transparent to translucent, with a 
vitreous and adamantine luster. Cleavage with certain faces perfect, 
along others less so. Fracture uneven. Hardness is 4.5 to 5 and sp. 
gr. 3.40 to 3.50. The streak is white. It is almost infusible (F. 6). Is 
Btrongly pyroelectric. 

It crystallizes in the orthorhombic system in hemimorphic and 
highly modified forms. Crystals often tabular, also prismatic and often 
grouped in sheaf-like forms. 

Calamine is composed of silica 25.0 parts, zinc oxide 67.5 parts, 
water 7.5 parts ( H2 O, 2Zn O, Si O2 ) ; it thus contains 54-2 per cent of 
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zinc. Ab above indicateil, it sotnolimes is mixed with clay as an impurity, 
and also contains small quantities of iron and other foreign ingredients. 

It gelatinizes with acids, and is decomposed by acetii; acid with 
gelatinizatton. Also by carbonic acid, forming the carbonate \14, vol. it, 
p. 6"\, It is soluble in a strong aoliitioQ of cautttic potash. 

According to Bischof | i.J, vol, in, p. ^44.], the artificial silicate 
is so sparingly soluble in water "that its presence is not recognizable 
by sulphide of ammonium. It requires for solution 185,440 parts of 
water. The native silicate dissolves in 3,692 parts of water saturated 
with carbonic acid. Monheim that states it dissolves without decom- 
position in carbonated water, and it has probably been deposited from 
such solutions." 

Calamine occurs In mammillary, botryoidal, stalaetitic, fibrous and 
massive and granular forms; also in crystals in sheaf-bke Hggregates 
lining surfaces of cavities; it is found attached to rock and also in 
masses imbedded in clay. 

In nature this mineral generally results from the decomposition of 
blende, probably through the reaction of the comparatively soluble 
sulphate or of the carbonate of zinc and some soluble aikaltne silicate. 

Smithsonite. 

Syn ,- Zinc curbonftle, ilry bone, calamine, rtiombohedral CBlamlnc, rhomt>ohe- 

dral xlnc baryte, zinc Bpar, wbite jack. 
Var.: Motiheimite (ferrlferouB), oapolttt, turkey fat ore {yillow, wlih Cd S), 
orthorboffl blc zinc rarbonste (wllb FeO, ^10,^ and other oxides), herreilie 
(cuprireroaa). 

The color of smithsonite is normally white, but it is often gray and 
sometimes tinged yellowish, brown and even green or blue from im- 
purities. The variety turkey fat ore is of a brilliant yellow color. The 
luster is vitreous, but less brilliant than calamine; it is translucent 
has a white streak. It is brittle, with an uneven fracture ; the hardness 
is 5 and the specific gravity 4.30 to 4.45. It crystallizes iu the rhoi 
bohedral system, though rarely in perfect forms, the faces being gen- 
erally curved and rough. 

When pure, smithsonite is composed with carbon dioxide 35 
parts, and zinc protoxide 64.8 parte (Zu COJ. thus containing o2.03.V 
of melitllic /.Inc. It often contains carbonates of iron and manganese 
as well as of calcium and magnesium ; cadmium is also not infrequently 
present. It is often intimately mixed with the Bilicale, calamine, and 
Bouietimes with clay or earthy impurities. It is readily soluble in 
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hydrochloric and other acids with effervescence; also in potash. It 
dissolves in 4108 parts of water saturated with carbonic acid [14, vol. i, 
p. Jo]. 

Smithsonite nsaally occurs in reniform or botryoidal masses, also 
stalactitic, pseudomorpbous and in incrustations ; also, granular, cel- 
lular and sometimes earthy, often closely resembliug similar forms of 
the silicate. 

The mineral is generally formed in nature by the action of carbon- 
ated waters upon sphalerite, the latter probably being first oxidized to 
the sulphate; in a pulverulent form it is produced from the decompo- 
sition of the oxide zincite. It may also result from {he action of car- 
bonic acid upon the silicate of zinc. The basic carbonate is precipi- 
tated from a solution of zinc salts by three of the carbonates of soda. 

Hydrozincite. 

Syn,: Hydro- car bonat^ of zinc, caliinine, earthy calamine, zinc bloom, mar- 
ionite, ceganite, zinconise. 

This mineral is of white, gray or yellowish color, usually earthy 
and with a dull luster; the streak is, however, shining. The hardness 
is 2 to 2.5 and the specific gravity 3.58 to 3.8. It is amorphous. The 
composition is not exactly determined and analyses differ somewhat; as 
expressed by Dana it is, perhaps, Zn COj, 2 Zn ( O H )2 or 3 Zn O COg, 
2 HjO, containing caibon dioxide 13.6 parts, zinc oxide 75.3 parts and 
water 11.1 parts, equivalent to 60.47 per cent of metallic zinc. Small 
quantities of lead and traces of iron and silica are sometimes present* 
Like smithsonite, it is readily soluble in hydrochloric and other acids 
with effervescence. 

Hydrozincite occurs in an earthy form, also massive and fibrous^ 
in concentric crusts and stalactites, nodular, concretionary, botryoidal 
and pisolitic. In nature, it is generally a decomposition product from 
blende, smithsonite or calamine. Artificially it is formed through the 
decomposition of hot solutions of zinc salts by alkaline carbonates. 

Zincite— 

Syn.: Oxide of zinc, red zinc ore, spartaliogite, prismatic zinc ore, red ox- 
ide of zinc, brucite. 
Var.: Caloozlncite (with calcite). 

The color is deep red or orange, though artificially produced crys- 
tals have been found of a white to amber color. Its luster is almost 
adamantine and it is translucent. Streak orange yellow. It is brittle 
and the fracture is subconchoidal. It crystallizes in hemimorphic 
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forma of the bexagonal systfini. Hardnesa is i to 4.5, and specific 
gravity 5.i3 to 5.7. It is infusible and slightly volatile. It is composed 
of zinc 80.3 parts and oxygen 19.7 (Zn O ) ; oxide of manganese and 
small qaantities of ferric oxide are sometimes present. Il is redticed at 
R red beat liy carbon, potassium and iron. 

Zincite generally occarn in foliated or lamellar masses, or granaiar 
and in coarse particles; it is also reported pseadomorpbona after 
Bpbalerile. 

As occurring in nature this compound of zinc is an original pro- 
duct and does not reuult from the decomposition of other ores. Arti- 
floialty, crystals are formed in furnaces by distillation. In the arts the 
oxide is prepared by beating the metal, a white powder being the 
result. It is soluble in acids without fffervescence, and is insoluble 
in water. It is also soluble in alkaline aqueous solutions of ammonia, 
potassium and sodium, forming zincates [107, p. 44.]. 
Wiliemite. 

Syti.: Anhydrous aillc&te of zinc, BiUcate of zloa, elllotous oxide of zlno, 
wlllUmBlte, brachjtypoua zlncbarlte. 

Var : Troostlte (reddish crystals wltti Mn ) tephrowillemlte. 

When pure, wiliemite is of a white or greenish color, but from 
various impurities it may be of different shades of gray, yellow, brown 
or red. The streak is white. It is of resinous luster and transparent 
to opaqne. The fraotnre is uneven and brittle. Hardness is 5fi and 
the specific gravity 3.89 to 4.18. It crystallizes in rhombobedral 
forms, oommonly in hexagonal prisms, either long and slender or short 
and stout. It is composed of silica 37 parts and zinc oxide 73 parte 
{ZOj 8iO,), containing thus 53.02 per cent of metallic zinc. With this 
there is often manganese in considerable qusntily and some iron ; traces 
of magneaium and calcinm oxide are also present at limes. It is 
decomposed by hydrochloric acid with the separation of gelatinoaa 
ailioa. 

This mineral is fonod in natnre in crystals, and also massive in 
grains and fibrous. It has probably been formed like calamine by the 
action of soluble silicates upon zinc snipbate. ArtiAcially it has been 
formed by healing a mixture of bydrated silica, eodinm sulphate and 
ztuc snipbate ; also at a red heat from zinc oxide and fluoride of silicon. 
It has also been observed in furnace slags. 
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Minor compounds. — Other less common compounds of zinc, 
which are of little or no commercial importance, are quite numerous; 
a few of the more prominent are : 

Sulphates Ooslarite is a hydrous sulphate of zinc, found quite 

frequently, but not abundantly. It is a decomposition product of 
blende. It occurs generally in small white crystals encrusting min- 
erals or rocks. It is soluble in water and in dilute alcohol. 

An anhydrous sulphate of zinc exists, though very rare in nature. 
It has been found in Barranco Tarosa, Spain. It is decomposed by 
heat, and is very soluble in water. 

Acuminate. — Oahnite or zinc spinel is a quite well known zinc 
aluminate, occurring at several localities in this country and Europe. 
It is found in octahedral crystals of greenish, gray or yellowish colors 
with a vitreous luster. A number of varieties are recognized. 

Arsenates, — Adamite appears to be the least rare of these and is 
found in orthorhombic crystals of yellow, reddish and green colors. 
KoBttigite and veszelyite are rarer arsenates. 

Ferrate. — Under this class, Dana includes the mineral franklinite^ 
which, though common at a few localities in New Jersey, is otherwise 
very rare. It is found in octahedral forms, and also granular and 
massive, of a black color and metallic luster, containing manganese. 

Still rarer compounds are the phosphate, hopeite ; the sulphate, 
sinkosite, of doubtful identity, found in Spain, and a zinc-aluminite 
found at Laurium, the oxysulphide, voltzite, and possibly a bromide 
and an iodide. 



CHAPTER III. 

DISTRIBUTION AND CONDITIONS OF OOOURRBNOB OF 

LEAD AND ZINC. 

THE DIFFOSED COXDITIOX— THE CONCENTRATED CONDITION. 

In the preceding chapter we have described the natural com- 
poands of lead and zinc; in this chapter we shall treat of the forms 
and conditions under which these compounds occur in nature. 

THE DIFFUSED CONDITIONS. 

Lead and zinc, though of less common occurrence and apparently 
much less widely diffused than some other metals, such as iron and 
manganese, are, according to recent researches, more generally present 
than has been supposed, though often in exceedingly minute quanti- 
ties. While the more common metals constitute a large portion, or at 
least several per cent of a rock, these two metals are represented by 
small fractions of a per cent, often passing to the third and fourth 
decimals. 

J/i Bocks, — Forschhammer [88^ p. 60], working on one pound sam- 
ples, long since showed the presence of minute quantities of the heavy 
metals in Scstndinavian rocks which were not associated with ore 
deposits. He also found considerable quantities of lead, zinc and 
copper in slates of Bangor, Wales [88, p 60\. According to Dleula- 
fait [68j p, 2')G\, zinc is diffused in all ancient rocks, such as porphyries, 
granites, £:neisses and schists. Bischof found traces of lead in clay 
shales of Lobenstein, while Sandberger has found lead, zinc and other 
metals in the non-siliceous clay shales of the neighborhood of Holz- 
appel and at Ems, as well as in shales of Sehulenberg near Clausthal. 
Lead was also found in clay shales at various horizons of the Keuper 
or Upper Trias, and even in ferruginous nodules of sandstone. Bitu- 
minous marly shales of Eaibl were found rich in lead and zinc, and 
limestones of all horizons of the '' Muschelkalk '* or Middle Trias hold 



V 



THE DIFFUSED CONDITION. 31 

lead, zinc and copper [199, pp. 32-341* In the ash of coal from Ber- 
wick, IScotland, Richardson found 2.03% of ZuO, along with other 
metallic oxides [197, p. 3]. 

Coming nearer home, Emmons found lead to be a constituent, in 
minute quantities, of nearly all specimens of porphyries and other 
crystalline rocks from about Leadville [78, p. 578\y though only one 
sedimentary rock, a sandstone, was found to contain that metal. Mr. 
Eobertsou's analyses of Missouri limestones, granite, porphyry and 
diabase, introduced and discussed in chapter XII, reveal the almost 
constant presence of both lead and zinc. 

These facts, though resulting from a comparatively limited number 
of analyses of specimens representing only a small portion of the 
earth's crust, yet make the expectation warrantable that similar investi- 
gations, applied to other localities, will yield similar, results. The 
quantities of these metals present are too small to have been detected 
by the ordinary methods of analysis with samples of ordinary bulk. 
Large quantities and special precautions must be used. When such 
investigations are widely extended, we are of the opinion that the gen- 
eral diffusion of small quantities of these and other metals will be 
demonstrated. 

In minerals. — This conclusion is further substantiated by the fact 
of the occurrence of both lead and zinc in a large number of minerals 
of which they are not essential constituents. Thus, zinc, according to 
Dana, has been found as an accessory constituent in some 40 different 
mineral species, in quaatities generally less than one per cent, but 
ranging from a trace and .04 per cent to over 11 per cent of Zn O. 

Tbeseare: Stannlte, galenoblsmutite, berthierite, schermerite, jamesooite, 
broDgniardlte, bouroonite, witticbenite, tennantite, polyargyrite, Beveral eulph- 
arsenates and salph-aotimonates, periclase, w^d, calcite, dolomite, rhodochrosite, 
jeffersonite, Jadeite, fowlerite, tephroite, schrotterite, chrysocolla, bementite, van- 
adiolte, ereolte, clinoclasite, conichalcite, tyrolite, mixite, caracalite, antlerite, 
romerite, glockerlte, samarekite. 

Lead is similarly found in some 20 different species, its less fre- 
quent presence being doubtless because of the less solubility of the 
salts of lead. 

These are: MetaloDchidite, sylvanite, mullerine, cbaleostibnite, miargyrite, 
bioDite, wad, vesavianite, yttrialite, ehrysocilla, caryopilite, columbite, hlelmite, 
xenotime, sarkinite, pinakiolite, mootanite, samarekite. 

Were the analyses of minerals generally sufficiently refined to 
determine the presence of quantities of these metals not exceeding a 
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few handredtliB of one percent, the list of minerals woald andonbtedly 
be much larger. Saudberger baa shown the probability of this by biB 
analyses of large bulks of various rock-foruiing minerals. Id the 
angttes of diabases, nielaphyres, basalts, etc., of some locatiues, snch as 
the Audreasberg iu the Harz, he fonnd uonsiderable quantities of zinc 
and lead, also in hornblendes; in olivenes zinc was fonnd only occa- 
sionally. Black micas he found especially rich in lead and zinc, notably 
in those of the older gneisses of the Erzgeberge, of the granites of 
Andreaaberg and Heidelberg, of gneiss of Kiuzig, that in the soatbem 
Black forest and of the propylite of Schemnitz. Generally he found 
the minerals of the younger rocks richer in metals than those of the 
older [ 100, pp. 2S-2i'i ]. 

In Waters. — According to Bischof [I4, pp. 100-110\, IVfalagati, 
Dnroeher and Sarzeand found minute quantities (1 mgr. in 100 liters) 
of silver in sea salt, rock salt, and even in sea water, in the channel of 
Bt, Milo, Lead was not found iu the water, but bolb it and copper 
were detected as chlorides in the asbes of sea plants ; the former in 
the proportion of .000018. Forcbbammer's analyses, however, shov 
that ocean salt contains lead, ziuc and other metals in very minate 
quantities [on, p. 610]. An analysis of the water of the Frith of Forth 
showed that the residne from 2 kilogrs. of the water contained lead in 
the proportion of .0000975 and about half as much copper \!27, p. 6O4]. 
Dienlafait found in water of the Mediteranean 1.6 to 2.0 mgs. of zino 
to the cubic meter [OS, p. ^,J6|. Analyses of manganese nodules found 
in deep sea deposita gave— O.lO'/c of Zn O and 0.05 % of Pb O. [40, vol. 
xlH,p. 417]. 

In ordinary mineral waters salts of these metals have not often 
been detected, yet their presence is shown iu some cases. Thus Will's 
analyses show .0104 grams to .0070 grama of bicarbonate of zinc to 1 
liter of water from three sprins:B of Nanheim iu Hesse Darmstadt; 
other waters from the same neighborhood show from tiaces up to .007 
grams of bicarb, of zinc and traces of oxide of lead and other metala 
[101, pp. iWa, -M.5J. Saudberger refers to oxides of lead and zinc and of 
other metals deposited at the surface from mineral springs in the Black 
forest and also at Kissiugen. The insoluble residues of the dolomite 
&om which the waters at the last place How, yielded lead, zinc, arsenic, 
nickel and cobalt [H'U, pp. S-C], According to Lersch, lead occurs in 
the spring waters of Bippoldsan (.0000016 to ,0000037 grams per liter) 
of Kissiugen (.00001 to .000013 grams), Alexisbad, Ems, Hamburg 
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and Karlsbad \141]. la Pennsylvania Genth detected .01 grains per 
gallon of zinc carbonate in the waters of Minneqaa springs ; in Vir- 
ginia Mallet, Hardin and others detected .03 to .61 grains per gallon of 
zinc sulphate io the Jordan Alam spring, and .12 grains zinc sulphate 
and a trace of lead sulphate in the water of Eockbridge spring [163^ pp. 
46^ 62y 64\. Deposits from the waters of Steamboat springs, Nevada, 
according to G. Becker, contain .00S8% of lead and traces of zinc 
and other metals ; but analyses of the waters did not reveal these 
metals, though the more abundant metals, antimony and arsenic, were 
found. 

In Plants and Animals, — As suggesting a further line for investiga- 
tion, it may be noted that zinc has been found in the ashes of the yellow 
violet {Viola calaminaria) in Rhenish Prussia. [194j Vol, n, pt t, p. £25.] 
Forschhammer found it in marine plants Zostera maritima and Fucus 
vesiculosus. Lechartier and Bellamy found zinc in grains of corn, bar- 
ley, maize and in haricot beans ; also in hen's eggs, in beef and in calf s 
liver and human liver. [197, p. 3.] 

These facts indicate the diffusion of the metals under considera- 
tion ; their familiar and economically important modes of occurrence 
are, however, as recognizable mineral compounds in local aggregates, 
known as ore deposits. These may be large or small, may be irregular 
masses, may be flat vertical sheets commonly called veins, may con- 
sist of crystals disseminated through rock masses, may be associated 
with rocks of various ages or of various modes of formation. As 
thus occurriog these metals are, however, of more limited distribution, 
geographically and geologically. 

This condition of occurrence we will now proceed to consider. 

THB CONCBNTBATBD CONDITION. 

The ores of lead and zinc which we have described occur in nature 
aggregated in bodies of various forms and with various associations ; 
they are, moreover, not universally distributed, but are confined to cer- 
tain localities or regions, and characterize certain geological formations 
more than others. These bodies of ores, for lack of a better English 
word, we term collectively, " Ore Deposits.'' 

As stated in the preceding chapter, we distinguish as ores those 
compounds, or mixtures or associations of lead and zinc compounds, 
which are of commercial importance as sources of supply. Likewise, 
G— 4 
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we define ks ore deposits those aggregafes which are not only com- 
posed of lead and zino ores, bnt in which these ores are found in snffi- 
eient quantiliea and under conditions suitable for mining. It is 
avowedly a relative term, and this delinition is not to be applied too 
rigidly ; no hard and fast line can be drawn ; it is intended to eliminate 
from consideration sueh claseeB of occurrences of these metals or of 
their componuds as experience teachsa us cannot be profltably ex- 
ploited. Thus, we have seen that lead and zinc occur diffuRed in min- 
ute quantities through various rocks, and are found in sea water, yet 
we would not class these rocks nor sea water as ore deposits. On tbe 
other hand, many veins and other aggregates of these ores may not 
contain anfiicient quantities to pay for working; yet these aggregates 
belong to classes which are often sources of supply, and hence these 
" lean " individnals are not denied consideration. 



THE OLASSIPIOATION OF LEAD AND ZINC DBP0S1T9. 

Classification of objects is their grouping according to common 
characteristics constituting relationships. Objects are ihue related to 
each other in various ways and as regards various attribuies. Ore 
deposits may be classified according to the metals contained, the com- 
position of the metallic compounds, the associated minerals, the form 
or shape of the deposit, the structure of the deposit, the nature or 
the age of the rocks in which they occur, their attitudes in the rocks, 
their geographic distribution, the mode of formation of the metallifer- 
ous constituents, or of the ore body apart from these, the source of 
the metals, and even according to age of formation of the deposit. 

These considerations are all of importance, bnt a classiflcatiou 
according to some of them would be very artificial. Exact knowledge 
regarding all we do not possess and may never acquire. Were we in 
possession of such knowledge, however, it would be diflScuU to pro- 
vide for all or many of these considerations satisfactorily under one 
scheme, in what could be called a natural classification. The attempt 
to do this without fnll knowledge has been the cause of much confu- 
sion in the past, and has burdened the literature of the subject with a 
long array of schemes and with a still longer series of discussions. 
Different ends may demand different bases of classification. Which 
basis or principle may be best tor common use we are not prepared to 
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say. Once the controlHog principles decided upon, however, incon- 
grnous considerations should not be allowed to enter. * 

The considerations of most practical as well as scientific valae 
controlling the classification of lead and zinc ore deposits are the fol- 
lowing: 

1. The composition of the metalliferous constituents. 

2. The mode of formation of the metalliferous constituents. 

3. The source of the metalliferous compounds. 

4. The form or shape of the ore body. 

5. The altitude of the ore body. 

6. The structure of the ore body. 

7. The mode of formation of the ore body. 

8. The nature of the associated substances. 

9. The nature of the enclosing rocks. 

10. The age of the enclosing rocks or the geological position of 
the deposit. 

The deposits of lead and zinc ores we will briefly consider under 
these headings, referring the reader for special detail to the descrip- 
tions of noted occurrences given in the chapters on the distribution of 
these ores. Our remarks in this discussion can, fortunately, in almost 
all cases, be made to apply equally well to the deposits of lead or of 
zinc, for the condition of their almost constant association in Missouri 
which gave rise to this dual report is a world-wide phenomenon. 

1. The C'}mpisitl *n o^ the Metalliferous constituents — It is an 
interesting fact, and one to be noted, that almost all important de- 
posits of either lead or zinc ores contain the same compounds or group 
of compounds of these metals ; these are : 1. the sulphides ; and 2. 
their oxidation products, the carbonates and silicates and other less 
important minerals. Exceptions to this rule are the remarkable deposits 
at Franklin furnace and Sterling, New Jersey, which consist of a mix- 
ture of the ferrate, franklinite, the oxide, zincite, and the anhydrous 
silicate, willemite. 

A subdivision of these deposits into those consisting of sulphides 
and those consisting of their oxidation products does not commend 
itself, inasmuch as both classes are represented in almost all deposits ; 

*An exoeUent summary and oompariaon of the more important claaBiflcations of ore 
depoaitaia given in Prof Kemp'a recent work on The Ore Deposits of the United Statea [268]. 
Since then Prof. W. O. Croaby haa published a claaaiflcatlon based on origin and original atractnre 
[XM], which la eminently logical, and which commenda itaelf for adoption by scientlAc men. 
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the latter geuerally preponderate in the nppei levels, the former in the 
lower ; the relative qiianlities of 'he two are the dlstiDguishing features. 
The only logical and practical claBSili cation, therefore, seems to be: 

A. DepoBite of enlphides and their osiilatioii prodncle, repre- 
sented in nearly all important niiues oT these ores. 

B. Deposits of the ferrate and oxide, of which the New Jersey 
deposits are types, and the only noteworthy ioslances. 

■2. The Mode of F.,rmat!n,> of t/ie Me.talli UTan.'i Conslll,i>^„ts. 
The distinction drawn between the mode of formation of tbe nielal- 
liferons constitnents and that of the ore body may appear to some 
more fanciful than real, and coneeqneutly unnecessary. It is, however, 
perfectly well de&ued, and of direct valui^ in mining practice. The 
metalliferouB contents of two ore depOBits may have been formed in 
exactly the same way, and yet the mode of fonnaiion of the ore bodies 
as a whole may have been entirely different. The mineralization of the 
breceiated mass constituting the body of a lode may have been by the 
same process as the mineralization of a stratum of limestone or Band- 
stone, and yet the mass of tbe material included in what we term tbe 
ore body Ib of entirely different mode of formation. A clear concep- 
tion of the diBtinction between the two ideas is necessary for intelli- 
gent exploitation. 

Tbe zinc and lead componnds in depoeits of these ores have been 
formed almost entirely in two ways: 

A. By simple deposition from solution, generally in cavities. 

B, By chemical alteration or replacement of solids. 

Two other processes have been advanced in the past, i. e., through 
snblimalion and conneuBalion from healed vapors, and by solidifieation 
from a fused condition. Thelatter hypothesis was at once rejected by 
those at all familiar with chemical laws; the former, though theoretic- 
ally possible in some cases, is tiow discarded by authorities who have 
fully considered all tbe facts in tbe case. 

A. Lead and zinc componnds are deposited from solution by 
chemical precipitation, by crystallization, and by evaporation and pos- 
sibly by cooling or relief of pressure. The galena and blendes of many 
ore deposits have probably been formed by chemical precipitation in 
cavities, accompanied by crystHllizatiou, through tbe reduction of the 
soluble sulphates by organic matter. Illustrations of pure crystalli- 
zation from solutions without chemical reaction are furnished by lead 
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sulphate and carbonate, and by zinc silicate and carbonate, which pro- 
bably often separated out without change in composition, either as iso- 
lated crystals or in crystalline masses. In some cases galena and 
blende crystals may have been formed in the same way. As instances 
of formation by evaporation, we may cite the stalactites of smithson- 
ite, cerussite, and perhaps even of sphalerite, which are quite frequently 
found. Ores formed by these processes are represented in almost all 
extensive lead and zinc deposits. They are found in greater or less 
abundance in the Mississippi valley, at Carinthiain Austria, at Bleiberg 
in Belgium, in the Xorth of England, and in the Cornwall lead mines, 
at Mechernich and Wiesloch in Baden, at Laurinm in Greece, and in 
Sardinia. 

B. Metalliferous compounds formed by the chemical alteration or 
replacement of solids include the sulphides, as well as those ores of 
lead and zinc which are classed as alteration or oxidation products. 
The latter are principally the carbonates and silicates, though the sul- 
phates, oxides and phosphates may be included. They are generally 
formed by the chemical action of acids, or of oxygen held in waters 
derived from the surface, upon the sulphides of these metals. Where 
these alteration products are taken into solution and redeposited, 
perhaps at another point, as is probably often the case with the zinc 
compounds, they are doubtless frequently to be classed with the com- 
pounds deposited in cavities from solution; but where they replace 
the sulphides without prior solution, they belong to this last class. 
Where the sulphides or oxidation products replace other substances, 
such as limestone or calclte, we conceive that a particle of the replaced 
material must be removed before the corresponding particle of the 
metallic compound can occupy its place, and thus, in a minute sense, 
a deposition from solution in a cavity takes place. But this is so 
different from the normal conception of the first process, and the 
reaultaut ore bodies are so different in form, structure and texture, that 
a separation is demanded. Many of our most productive ore deposits 
in both this and other countries have probably been formed by this 
process. Instances of such are those of Leadviile, Eureka, some in 
Montana and those of Southeastern Missouri, in our own country. In 
Europe are the smithsonite deposit of Carintbia, the zinc ores of Yieille 
Montague, in Belgium, of Upper Silesia, of Iserlohn in Westphalia, of 
Wiesloch in Baden, perhaps, of Laurium in Greece, of Les Avinieres 
of France, of Sardinia, and of Garthagena and Santander in Spain. 
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rf. The Source of the Metalliferovs Compounds. — To Batisfactorily 
claBsif^ lead and zinc deposits on this basis would necessitate the set- 
tlemeot of many mooted iiuestions; probably on no one subject relat- 
ing to ore deposilB has there been bo mnch discussion and are aathori- 
ties yet bo mnch al variance. Broadly Bpeakiug, and with reference 
only to the immediate source of Bcpply, the theories worthy of consid- 
eration may be grouped nnder tbe two following beads: 

A. Derivation of ores front great depths through the medium of 
ascending solutions. 

E, Derivalion from the coantrj rocks by segregating action or 
lateral secretion througfa the medium of circulatiug waters. 

A. By derivation from great depths is meant depths where extra- 
ordinary concentration of melalliferous bodies may exist, or where the 
couditioiiB of temperature and pressure are such that many substances 
are taken into aolalion which wonld not be much affected under the 
conditions prevailing near the surface. The relief of pressure and the 
diminution of temperature with the ascent of tho solalions nre con- 
sidered causes of first importance controlling the deposition of the 
metals or of their compounds. Ae the source of the ores of many 
deposits remaius yet unsettled, examples cannot be cited with confi- 
dence. As a general rule, Ihoee bodies occurring in well-deflncd fia- 
Bures, which are recognised to extend to great depths, those whieh 
are associated with intruded igneous rocks or with thermal springe, 
especially if iu regions of volcanic activily, are more probably assign- 
able to anch source. 

B, Tbe support for the second theory of derivation from tbe 
country rocks is derived principally from the facts already introduced 
in chapter II, that small quantities of these metalliferous compounds 
are found diffused through rocks. Hence, it can readily be conceived 
that they may be brought together through the aid of circulating 

' waters, whether accompanied by tbe decomposition of the rocks or 
not. Those deposile not occurring In strong aud deep fissures, and 
tboBe remote from intruded igneous rocks or other volcanic phenom- 
ena, are more probably of this class. 

4. T"e Fi'i'iii •"■ S/iapi: of' the Ore ''oilfj. — In classifying by form 
we are forced to refer to geometrical figures. But ore deposits never 
have such regular outlines that they exactly represent such figures ; 
they at best only approximate these; from this it follows that tbe forms 
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■of one class merge into those of another. With reference purely to 
shape, we recognize the following classes of lead and zinc ore bodies : 

A. Tabular or sheet deposits. 

B. Lenticular deposits. 

0. Cylindrical or pipe deposits. 

D. Massive deposits of regular or irregular shapes. 

A. By tabular or sheet deposits are meant such ore bodies as 
occur in sheets, the third dimension or thickness being very small as 
oompared with the length and breadth, which may be of great and 
undetermined extent. Among these are to be classed what are com- 
monly called veins or lodes. There are sheets of ores and associated 
minerals occupying fissures or crevices in the country rock. Instances 
of such are almost too numerous to mention. They are represented 
in the United States by the veins of Franklin county, Missouri, by 
those of New York and Connecticut; in Europe by those of Przi- 
bram in Hungary, of Bleiberg and Welkenradt in Belgium, of Shrop- 
shire and Cornwall in England, of Bammelsberg in Germany, of Les 
Malines and Pontpean in France, by the veins of South America, south- 
ern and central Mexico, and a host of others. Here also belong, in 
part at least, what are known as interbedded deposits, which consist 
of sheets of ore lying between different layers of stratified rocks. 
Such a bed is the franklinite deposit of Mine Hill, New Jersey. Strata 
of limestone or other rock impregnated over large areas with lead or 
zinc minerals are also to be included here, when the thickness of the 
stratum is comparatively small. 

B. Lenticular deposits, as the name denotes, are lens-shaped. They 
are bodies of ore of which the thickness in the center is considerable 
as compared with the length and breadth, and from this central por- 
tion gradually diminishes toward the limits of the body. As is evident, 
this form grades into the tabular on the one hand, and into the massive 
on the other; in fact, some veins are made up of a succession of such 
lenses in the same plane. Typical examples of lenticular lead and zinc 
deposits are some of those to be described in Southeastern Missouri, 
some of Carinthia, of Kirlibaba in Hungary, of Wieslocb in Baden, of 
Laurium in Greece. 

C. Cylindrical or pipe deposits form a comparatively unimportant 
class. Their dimensions are sufSciently indicated by the name, and the 
diameter does not generally exceed a few feet. They are found, prin- 
•cipally, in limestones, and are known as pipes or chimneys. Examples 
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of these are foand in Southeast Missoari and Virginia; in the north of 
England lead mines, in Upper Silesia, at Wiesloch and at Lanriam. 

D. Bj niasfiive deposils are meant bodies of ore of which no one 
dimension is many times greater than another. They are, properly, 
large masses of ore, bnt small bodies, such as occur in " pockets" in 
many rocks, might, strictly speaking, be included here also. As slated, 
their shapes may be regular or irregular : that is, they may be, approxi- 
mately, spherical or ellipsoidal, or their outlines may be eslremely 
sinuous or jagged or may be ill-defined, the ore body gradually merging 
info the country rock. The essential attribute is that no one dimension of 
the ore body specially preponderates. Many of our most important lead 
and zinc deposits, and especially the former, are included in this class. 
Such are those of Leadville and Aspen in Colorado, of Eureka in 
Nevada, of Bonne Terre in Missouri, and many of those of Jasper 
county also. In Europe such deposits as those of Cariulhia. Vieille 
Montague, Upper Silesia, Meobernich, Wiesloch, Lanrium and othera. 

5. The Attitude of the Ore Body. — By the attitude of an ore body 
is meant the position it occupies with reference both to the horizon 
sod to the plane of stratification, when in bedded rocks. It is of some 
importance in the questiou of the genesis of the ores as well as in the 
qnestion of their probable duration, though considerations of forrn 
and dimensions enter at the same time. On this basis the following 
sabdirision may be recognized: 

A. Horizontal and gently inclined deposits; 

B. Vertical and steeply inclined deposits. 

A. Of the first class are most of those deposits which we have j 
referred to and cited as inlerbedded ; generally, also, those impregnat- J 
ing strata. Lenticular and pipe deposits may also assume this attitude^ I 
though they are more commonly, perhaps, in other positions. Deposits J 
of this class are common in soatheastern Missouri, are found in the J 
north of England, at Tiuro, Cornwall, at Ueoheruich, at Wiesloch and I 
at Lanrium. 

B. To the second class belong pre-eminently those sheet deposits 1 
which are known as veins and lodes, and this especially when they are 1 
of great length and breadth. The veins of Fraukliu county are familiar J 
examples of snch, and those of the other localities cited on page 36. 

0. The Strvcture of the Ore Body. — By the structure of an ore ! 
body is uieaut the arrangement and shape of its component parts. In ^ 
some instances texture more exactly expresses the idea ; but in othera 
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it is inappropriate. The principal structures recognized among the 
ore bodies under consideration are : 

A. The banded structure ; 

B. The brecciated or conglomeratic structure ; 
0. The granular structure ; 

D. The dense structure; 

E. The crystaUized structure. 

A. By the banded structure is meant an arrangement of the dif- 
ferent minerals which go to make up an ore body in separate parallel 
bands or sheets, whether these sheets are in flat or in cylindrical or 
spherical shapes. The banded structure is not very common in many 
lead or zinc deposits, and is generally confined to portions of veins or 
to the fillings or incrustations of cavities. Examples in Missouri are 
rare; ^mithsonite is sometimes found in this form. Incrustations in 
bands occur at Garinthia; banding characterizes veins in Corn wall, in 
the Erzgebirge, at Pontpean and the deposits of Laurium. It is aJsa 
sometimes found in interbedded deposits, and sometimes it occurs in 
the smaller lenticular bodies as well as in those of cylidrical form. 
Instances of such are, however, rare. 

B. The brecciated or conglomeratic structure is where the ore 
body consists of a mass of fragments of any size, firmly cemented or 
loosely held together. The fragments may be of the country rock, of 
the metalliferous mineral itself, or of any other material; the matrix 
may be clay, sand, quartz, calcite, or merely comminuted particles of 
the fragments. The fragments are generally angu'ar, but may be 
rounded or water- worn, or even lenticular or tabular. The metal-bear- 
ing minerals are generally diffused in the matrix, though they may con- 
stitute some of the larger fragments of the breccia. This structure is 
frequently found in tabular deposits, either in beds or veins, and some- 
tiroes such a brecciated vein may be in part of brecciated structure, 
and in part of banded structure. This structure is also observed in 
lenticular deposits. The most frequent occurrence of this structure is 
to be observed in what we have termed massive deposits. Familiar 
types of these are many of the deposits of Jasper and other counties 
in southwestern Missouri ; also, many of the veins of central and 
southern Missouri belong to this class. In Europe, the deposits of 
Bleiberg, Shropshire, Gladbach, and many of the Erzgebirge exhibit 
this structure. An extreme case of conglomeratic structure are those 
surface bodies of ore so common in the Mississippi valley, in which the 
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early " clay diggings " were prosecated. They Boiuetimea consist partly 
of fragmeats of rock sarroimded by clay eDClosicg lead or zinc orea, 
bat often lliey consist almost entirely of clay, with miaaes of galena or 
dry bone scattered through it. 

C. By granular straetare is meant a firm or an incoherent aggre- 
gate of grains of pure ore, or of grains of a mixtare of ore and rock 
and othet minerals, or both. This structure characterizes ore bodies 
of almost every form, though it is perhaps most prevalent in stratified 
bodice. It ie often difQcult lo separate this structure from the crystal- 
lized, as will Hppesr from the deliaition of the latter given farther on ; 
in fact, the two grade into eauh other. Examples of this class are the 
disseminated ores of southeastera Misaoari; parts of the deposits of 
Cariathia, Przibram, Mecbernich and Lanrinm. 

D. The dense structure pertains to those bodies of ore of which 
the whole material between the wall rocks is homogeneous in composi- 
tion and is not separable into fragments, grains or crystals. Perfect 
homogeneity perhaps never occurs, and instances of this class whicli 
approximate the definition are comparatively rare and characterize the 
smaller and relatively unimportant ore bodies. Examples of these are 
the solid bands or layers of galena found between limestone walls ia I 
Morgan, Miller, Franklin and Washington counties of Missouri; also ' 
in Wisconsin and Illinois. 

E. By the crystaltized structure is meant one in which the whole 
ore body is made up of a mass of interlocking crystals, consisting 
either all of the same mineral species, or several such species. Bodie* ■ 
consisting entirely of sm-h aggregates of crystals are exceedingly I 
rare; but we recognize as belonging to this class those bodies whiohl 
are in very large part of this structnre. As previously stated, how-l 
ever, it is often impossible to separate them from the granular. Some 1 
of (he carbonate ores of Leadville might be included here, and i 
amitbsoniteaud calamine deposits of Missouri and elsewhere. Anoth« 
claesiAcation based on structure might be formed with reference lo t 
condition of consolidation of the m:iterial. Some ore bodies arel 
thoroughly indurated, through the action of percolating solutions, ho] 
that the parts are Hrmiy cemented togethef ; others are barely coherent I 
and can be excavated with pick and shovel. In the indurated bodieBl 
the cementing material maybe quartz in the form of an impure quarls-1 
ite, may be calcite, barite or any other constituent of the body < 
has been deposited from solation. 
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7. The Mode of Formation of the Ore Body. — We have already, 
under a previoas heading, considered the mode of formation of the 
metalliferoas constitaents. There are, however, other forces and con- 
ditions which are inflaential in the formation of ore deposits, and which 
are to be ranked among the caases producing them. A consideration 
of these is, therefore, necessary in order that the history of the ore 
bodies may be made complete. Accordingly, we may group these 
deposits with reference to their structural relations, as follows : 

A. Bodies formed by the impregnation of the country rock with- 
out prior alteration or disturbance of the latter ; 

B. Bodies formed by the entire replacement of the country rock ; 

C. Bodies formed by the filling of cavities or interstitial spaces 
in the country rock, produced by chemical alterations or by 
disturbances ; 

D. Bodies formed by the action of differential weathering. 
These groups are based not so much upon differences in the forces 

producing them as upon their structural and geologic relations ; under 
them may be included all of the important deposits of lead and zinc 
ores. 

A. As ore bodies formed by the impregnation of the country rocks 
we should class all deposits consisting of sedimentary or massive rocks 
with lead or zinc compounds diffused through them, whether this 
was by chemical or mechanical means ; whether these compounds were 
deposited in minute cavities or crevices sufficiently abundant in the 
rock to make the whole rock essentially one body of ore, or whether 
they were deposited through metasomatic action. The disseminated 
ores of southeastern Missouri are familiar examples of this class, and, 
in Europe, at Mechernich, Carinthia, Vieille Montague, Kammelsberg, 
Wiesloch, Laurinm and Upper Silesia such are also found. 

B. The formation of an ore body by the entire replacement of 
the country rock is plainly only an advanced stage of the impregnated 
condition, one in which little or none of the country rock remain 
mixed with the or<3. Many large **chainber or cavern deposits " are 
doubtless to be included here, such as those at Leadville and per- 
haps those at Eureka. Some sheet deposits or veins may also have 
been formed in this way — the replacement following along a joint plane 
or fissure. The disseminated ores of Missouri sometimes approach 
this condition, and it is abundantly represented in the deposits of 
<3arinthia, Yieille Montague and Iserlohn in Europe. 
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0. Bodies formed by the fllling of cavities may be sabdivided 
into: (a) those of which the cavities have been formed by BolaLioo ; 
( b ) those formed by mechanical action. 

Of the flrst class are at least some of the cave or chamber, pipe 
and cbimiiey deposits, so freqaeul in limestone, examples of which are 
too unmerouB to need mention ; also many crevice deposits, snch as 
gash veins, occurring in limestone and olher rocks, and abundant in 
the lead and zinc regions of the Mississippi valley. Farther, to be in- 
cluded in this class, are those deposits which have been formed by the 
deposition of the metallic compounds in a mass of residuary prodncls 
resnlling from the partial decay of the coontry rock. If the in- 
deatrnctible porlious of Ihe rock are iu sufficient qnantily, are of 
proper form and of sufficient streoglh, the solution of the other por- 
tions will simply leave an open, honey-combed or cavernous rock for 
the reception of the metals; if they are in small quantity and are in- 
coherent or fragile, they will collapse on Ihe removal of the soluble 
parts, forming a more or less brecciated mass, in Ihe interstices of 
which the metals and their accessories will be deposited, often cement- 
ing the whole into a compact masa. Many of Ihe deposits of Jasper 
county are familiar and escellect examples of this class of ore bodies. 

To the second class belong those deposits occupying fissures or 
brecciated zones produced by earth movements, such as fault crevices. 
Examples of these are most of the so-called "true fissure veins," suoh 
as those of Przibram,B!eiberg, Cardiganshire and the silver lead mines 
of Mexico. In many cases, as intimated above, the cavity thus pro- 
duced is not an empty space, but is partially lillpd with a mass of 
fragments of country rock and other materials, brought into the crev- 
ice by the faulting movement or other mechanical action. Between 
and around these fragments the metallic compounds are deposited, 
and so intimate is the mixture that the whole mass is included iu the 
term ore body. This condition is very common, and is in fact the nor- 
mal one wilh fault veins. Examples of auch are common in Missouri, 
especially in the central and southeastern districts. 

D. The most familiar exam pie 8 of lead and zinc ore bodies formed 
by the concentrating action of differential weathering, are what are 
knAwn as clay diggings in Ihe Mississippi valtey. These consist of lead 
'or «inc compounds diffused through a body of loamy clay, or of clay 
mixed with varjing proportions of nndecomposed rock in the tthape of ' 
fragments. They differ from Ihe similarly couslituted bodies pre- 
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Tionsly described in that the ore existed originally in the rock in a 
more diffased state, and was not introdaced into the clay or breccia 
after the decomposition of the rock. 

8. 1 he Nature of the Associated Substances. — Substances associ- 
ated with lead and zinc compoands in ore bodies may be divided into 
two classes: 

A. Fragments or particles of the rock, or its common residaary 

products ; 

B. Minerals originally deposited in the ore body. 

A. The country rock constitutes part of many ore bodies of al- 
most all classes. Where the ore body is an impregnated portion of 
the country rock, the latter is necessarily a part of it. Ore bodies 
formed in cavities, of whatever shapes or mode of origin, are liable to 
contain fragments of the country rock, as previously explained. A 
further subdivision, according to the nature of the rock, might be 
made, but the types are so obvious that this seems unnecessary. 

B. A subdivision according to the nature of the associated min- 
erals is more common and has more direct bearing upon the questions 
of the origin of the ores and their utilization. The most common min- 
eral associates of lead and zinc ores are calcite, dolomite, barite and 
pyrite. Quartz in a separate or crystallized condition is found in some 
deposits, but it is, generally speaking, of exceptional occurrence; in 
the form of quartzite, more or less pure, it is, however, of abundant 
occurrence in some of the ore bodies. In intimate association with 
many galenas and other lead compounds is silver, giving rise to our 
argentiferous lead ores. A classification of lead and zinc deposits, 
according to the presence or absence of any of these minerals, may 
be made to ^uit special requirements. One according to the presence 
or absence of silver is common. A separation of those associated 
with barite has been suggested by Emmons [82^ p. 30] as of genetic 
value; but as referred to later in this report, the significance attached 
to the association by him is not so great as was Imagined. 

9. The Nature of the Enclosing Bocks. — A classification based upon 
the nature of the enclosing rocks is of great value both for geologic 
as well as economic reasons. Lead and zinc ores are known to occur 
in massive or crystalline as well as in clastic rocks ; they are found in 
granites and porphyries, in limestones and sandstones, in sands and ' 
clays. By far the greater number and the commercially most impor- 
tant of such bodies are found in or immediately associated with lime- 
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stones. Among these are included the large lead-produciDg depoaits 
of Colorado, Nevada, Montana and Idaho; those of the Mississippi 
valley, those of Virginia, Pennsylvania, New Jersey and others. In 
Europe the great deposits of Upper Silesia, of Laurium, of Cartha- 
geoa, of Saataoder, of Bleiberg, of Vieille Montagne, of the north of 
England, of Sardinia and many others are all in limestone, in whole or 
in part. This is an important taut, and one which has permitted the 
easy and extensive development of these deposits in many localities. 
Moreover, this fact of association with limestone is oue which we con- 
sider of peculiar significance and importance in reaching the trne 
theory of the genesis of these ores, as will appear later. 

Instances of the association of lead and zinc ores with other rooks 
are abundantly described in the succeeding chapters IV and V; we 
will, therefore, not ennmerate them here. 

10. The Age of the Enclosing Rocks of the Qeologioat DiilributioH. — 
Deposits of lead and zinc ores occnr in rocks of all ages, from the 
Archean to the Tertiary. Those of most importance as sources of 
lead and zinc are, however, more abundant and more extensive in Paleo- 
zoic and Mesozoio rocks than in Algonliian or Archean. The series 
containing the largest and most noted deposits are the Silnrian, Lower 
Carboniferous and Triaasic. I'^xamples of all are contained in the 
descriptions of the next two chapters. To illnstrate these facts t 
tie more prominently, however, we give the following list showing the I 
distribution of the more prominent deposits: 

Deposits in Archean or Pre- Paleozoic Rocks Ores of lead aadJ 

zinc in large qaantilies in these rocks are not common in America. I 
Those of Franklin furnace, New Jersey, are perhaps in Archean for>l 
mations, and some of the deposits of the Kootenay district of Canadfti 
are in the Laurentian. In Europe are to be cited lodes of the Ere- 1 
gebirge and northeastern Hungary; portions of the deposits of Leftfl 
Malines, of PontgibamI, of Correze and Aveyron, of Hnelgoat and] 
Ponllaouen in France, aud others in Corsica; also some of the lestl 
important ones of Sardinia and of Linares in Spain. The Ammebergl 
zinc deposits of Sweden are in Lanrentian rocks and the lead deposit! J 
of Bala in Primitive magnesian limestones. The silver lead ores ot'M 
Broken Hill in New South Walea are in Piimitive gneiss and othwl 
rocks. 

Deposits in Oambrian or Silnrian Rocks. — In America the lei 
and zinc deposits of Wisconsin, Iowa and of central and sontheasterttl 
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Missouri are in Lower Silurian limestones ; those of Eureka, Nevada^ 
are partly in the Cambrian and Silurian ; those of Kootenay, Canada, 
are largely in Cambro Silurian ; those of Wythe county, Virginia, are 
also in the Cambro-Silurian ; those of Saucon Valley, Pennsylvania, in 
the Lower Silurian, and others in the Upper Silurian; probably the 
Franklin furnace ores of New Jersey are in Cambrian rocks. In 
Europe the Przibram lodes are in the Silurian ; the lodes of Shropshire 
and adjacent counties of western England in the Cambro-Silurian. 
The deposits of Andreasburg in Germany, of Pontpean in France, and 
of Horcajo in Spain are in Silurian rocks, and some of those of Tomsk, 
Siberia. The more important bodies of Sardinia and of Linares, Spain, 
are principally in the Cambrian and Silurian. The deposits of Laurium, 
Greece, are also probably in Silurian rocks. In South America lodes 
of Bolivia are in Silurian rocks. 

Deposits in Devonian rocks. — In America, only a few important 
lead and zinc deposits are assigned to this horizon* The most impor- 
tant are a portion of the ore bodies of Eureka, Nevada, and the silver- 
lead bearing lodes of Guanajato and others of central Mexico. In 
Europe such are comparatively common. Among these are included 
deposits described in Cornwall and Devonshire, England; in the 
Siebengebirge, at Eifel, Gladbacb, Iserlohn, Holzappel and the Hartz 
mountains, especially at Eammelsberg, all in Germany. The lodes 
of Hnelgoat and Poullaouen, in Brittany, penetrate Devonian as well 
as other rocks, and some of the deposits of Tomsk, Siberia, also belong 
to this formation. 

Deposits in Carboniferous rocks.— Almost all lead and zinc ores 
of the Carboniferous are in the Lower Carboniferous series, which are 
generally limestones. To these belong the lead deposits of Leadville 
and Aspen, Colorado, and others of Utah. The zinc and lead ores of 
southwestern Missouri are also in these rocks. In Europe are the 
deposits of Derbyshire and the North of England counties, and those 
of Flintshire and Denbighshire ; those of Bleiberg and Vieille Mon- 
tague in Belgium ; in part those of Huelgoat and Poullaouen in France; 
those of Santander in Spain, and of Tomsk in Siberia, both also in 
part. At Carthagena in Spain are deposits in the Permian. 

Deposits in Triassic rocks. — No great lead or zinc deposits in Tri- 
assic rocks have developed in America, though some of the lodes of 
central Mexico, carrying silver-lead ores, are in these rocks. In Eu- 
rope, on the contrary, this horizon is a great source of supply. Prom- 
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inent among the Triassic ores, we may cite those of Carinthiain Austria, 
those of Upper Silesia in Prussia, of Mechernich in the Rhine prov- 
inces, and of Wiesloch in Baden, as well as other deposits in that duchy 
and in Wurtemberg. 

Deposits in Jurassic rocks. — Here, likewise, there is a dearth of 
snch ores in America, though lodes of Peru and Chili have been as- 
signed to this formation. In Europe they are comparatively common. 
The more noteworthy of such are those of Santander in Spain (though 
the rocks may be Gretaceous), and those of Les Malines, Clairac and 
other localities in France. 

Deposits in Cretaceous rocks. — The existence of these ores in 
Cretaceous rocks is somewhat doubtful ; at least, at the more import- 
ant localities. The deposits of Algiers are assigned to this formation ; 
those of Laurium in Greece have also been placed there by some geo- 
logists, though the generally accepted opinion is that they are in the 
Silurian. Some, at least, of the ore bodies of Santander in Spain ap- 
pear to be in Cretaceous rocks. In Peru, silver lodes traverse these 
rocks. la Mexico the Sierra Mojada ores have been placed at tlus 
horizon. 

Deposits in Tertiary rocks. — The only noteworthy deposits of 
lead or zinc in Tertiary rocks are those of Tunis in Africa, which are 
placed in the Eocene. 



CHAPTER IV. 

LEAD AND ZINC DEPOSITS OF FOREIGN COUNTRIES. 

KUBOPa—AFBICA— ASIA— OCEANICA— SOUTH AMERICA— MEXICO— DOMINION OP CANADA. 

In the preceding chapter we have considered the distribution of 
lead and zinc in nature, and their modes of occurrence. In this chap- 
ter we propose to consider their geographic distribution, and to accom- 
pany this by a brief description of the principal deposits in America 
and foreign countries. 

Deposits containing lead ore, either alone or associated with other 
minerals of value, are known to exist and have been mined in all in- 
habited countries of the globe. Tbey are found in North America, 
South America, Europe, Africa, Asia and Australia. The relative im- 
portance of the deposits of these countries, so far as developments 
show, may be judged of from the statistical tables and accompanying 
notes in chapter YI. As regards deposits in the comparatively unex- 
plored regions of Africa and Asia, little is known, and it is impossible 
to arrive at estimates of values. The majority of these deposits are 
argentiferous, and of these, a considerable though smaller number are 
worked principally for the precious metals, the value of the lead pro- 
duct being comparatively small. 

Zinc ores are of less wide distribution, but the deposits are fre- 
quently more extensive than those of lead. Ores of this metal have been 
worked in North America, Europe, Africa, Asia and Australia ; but 
there are no zinc mines in South America, nor have workable deposits 
been discovered in that country which are generally known. Zinc, 
though often associated with argentiferous lead ores, is not in itself a 
carrier of precious metals, excepting in a few cases. 

An exhibition of the general distribution of these ores throughout 
the world is given on the small map opposite, this page. We will now 
proceed to describe the principal occurrences by countries, beginning 
with the foreign. 
G — 6 
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LEAD AND ZINC DEPOSITS OF EUROPE. O 

Lead or zinc ores are koowii to occar and are miued in almoat all 
countries of Earope. The large producers are Great Britain, France, 
Germany, Belgium, Sweden, Russia, Ausliia, Greeue, Italy and Spain. 
The tables of production given in the tables of chapter VI show the 
relative importance of these countries as producers dnriog recent 
years. SalSce it here to note thnt Spain is far ahead of all others in 
the output of lead ore, the yield being twice that of Germany, which 
ranks second. In 1he producliou of zinc ore Germany is far in the 
lead, and is succeeded by Italy with only abont one-seventh of the 
former's production. Thongh these figures relate only to very recent 
years, they are indicative of more, and, with some variations, may be 
taken as a measure of past importance also. Thus the deposits of 
Spain have been large producers of lead from remote anti<|nily, and 
those of Germany have likewise been important sources of zino sup- 
ply from the beginning of the utilization of these ores. This fact and 
additional details of producliou will appear in the following descrip- 
tions, to which we will now pass without further generalization. These 
descriptions are of the countries above enumerated ; they will be 
taken up in alphabetical order. 



AUSTBIi. 

Under the name Austria we mean all of what is known as the 
AastrO' Hungarian monarchy, including Hungary, Galicia and Transyl- 
vania. 

Both lead and zinc are mined in Austria in large qnantities. From 
tables given in a following chapter it will be seen that the production 
during the past 12 years has averaged in the neighborhood of 15,000 
tons of lead ore and ^0,000 Ions of zinc ore annually, though, in addi- 

(*) Id piepBrdntt iha rDUoirlDE ditgrrlpiloiia or Karo]i9ind otber fjrt>lt{ii ore deposUa. retSr- 
ennebM bven capelsntlT nikde V> Fnchi A DeT.inna;'!, PbLUlps', Von GroiMeck'a, Datlei'. Von 
CotCa'iand WbHoBj't etBnilud woikion ore dopOBlla. ilsKn^'a ileKiiptlon, In Vol, IV of tha 
Keporti of Ihe I'nit Unirereal EipoilUon of IBTB, bale alsa beta made me of. Maoh atatlsUoal 
InformallonbaebBeD derlTu'l from tbe Teeeollr I'lnnl Vol 11 of tbe Mineral ladutry. ami froin 
Haat'i Urllltb UlninK, la aildillan, DTunHrona special worki and papera lefeired to have been 
oDuanlteil, incIndlDstboTBceiK U . 8. CanialarTepoTt on Lead and Zinc Mining Is Foreign Conn- 
IHe. [mi. 
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lion, very large qaantities (90,000 tone from Hungary in 1891) of 
argentiferoas galena, low in lead, are prodaced. Lead ore has been 
mined in this coantry probably over 1000 years, and perhaps as far 
back as the Eoman period ; the zinc deposits are of recent develop- 
ment, corresponding to the late general atilization of the ores of that 
metal. 

The ores of the majority of deposits containing lead are argentif- 
erous ; but, on the other hand, those furnishing the greatest quantity of 
that metal, i. e., those of Carinthia, contain little or no silver. The 
provinces which at present maybe ranked lead producers are Carin- 
thia, Bohemia, Galicia, the Tyrol, Carniola, Hungary, Moravia and 
Styria; their rates of production during recent years are about in 
the order given. Of these the Garinthian, Styrian, Carniolan, Galicean 
iind Tyrolese deposits also yield zinc. 

Garinthian. — The (3arinthian deposits have been described by Von 
Gotta and others, but they have been made classic by Posepny's 
researches and monograph [173]. They are of special interest in 
comparison with those of the Mississippi valley. According to Po- 
sepny they have been known for a long time, perhaps even as far back 
as the Romans, though positive evidence is not adducible. That they 
were in active development in the Middle Ages is, however, well estab- 
lished. In 1891 the province produced 9000 tons of lead ore \91-voL 
a, p. 476 ]y and several thousand tons of zinc ore have been mined in 
some years. In 1892 the production was about 8300 tons of lead ore, 
yielding 5500 tons of lead. The crude ore of Bleiberg averages S?4 of 
lead [ 195 -vol. ii, p. 403 ]. 

Both the lead and zinc ores found here contain little or no silver. 
The principal mining centers are Bleiberg, Kreuth, Baibl, Windish- 
Bleiberg, Kappel, Miss and Schwarzenberg in southern Garinthia ; 
these are distributed over a belt a few miles broad and about 100 miles 
long in an east to west direction. 

The country rocks are principally Triassic, consisting of a com- 
plex formation of limestones and dolomites, with shale beds frequently 
intercalated, aggregating some «3000 ft. in thicknesp. These are over- 
lain by dark, bituminous, clayey and marly shales. The lead ores are 
principally in the upper limestones ; the zinc are in the dolomite. They 
dip to the south gently at Raibl and from 30° to 80° at Bleiberg; they 
are traversed by faults having throws of from 120 to 180 ft., disturbing 
both strata and ore bodies. 
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The ore bodies are of irregular forniB, frequently pipe-Bbaped aad 
without well-deflned limita, and tlieir axes seem to follow the intersec- 
tions of stratification planes and fanlt flssares. Saoh hodies are in 
places as much as 1200 f(, long; they vary in diameter from 6 to 90 ft, 
They also traverse the limestone, ofien very irregolaily in strings: are 
found in patches and in grains, and alor.g some hssuies they seem to 
impregnate the country rock. A peculiarity of these deposits is that 
they cease when an overlying shale bed is reached, but extend ofteo 
along the contact as if this offered an obstruction to the passage of 
the solutions. They also often extend out along the stratiticatioD 
planes, resembling beds, or more exactly, a series of flat lenses, Bome- 
times 20 ft. thick. The metalliferous minerals, galena, blende and py- 
rite, are often disposed in crusts, lining cavities, the central space being 
filled with dolomite. In Baibl the ores are most common along tbe 
N.-S. faults. 

The piincipal ore is galena, some cerussite occurring in the upper 
workings. Smithsonite, the principal zinc ore (called calamine), i& 
abundant at some places, but is not so generally distributed ; it is not 
found in cavities like the galena, but is pseudomorphous after, or has 
replaced limestone ; the silicate, calamine, is scarce. Some blende ac- 
companies the galena. Pyrite is found only in small quantities. The 
principal gangne ntinerals are calcite, dolomite, feldspar, and a little 
quartz; barite is comparatively rare. 

As to the origin of these deposits, varions views have been held: 
they have been considered as deposited simultaneously with the encloS' i 
ing strata; as originally distributed through the limestone and snbse- 
qently concentrated; and as deposited from solnlions which penetrated 
the fissure [£23, p. -IIJ]. The last explanation is the one maintained 
by Poaepny, he holding that the solutions have come from below asd 
that the ores were deposited in spaces of dissolutiou. Stalactites of 
blende and galena are found, in evidence that these minerals were de- 
posited directly from solution. 

Bohemia. — The deposits of Bohemia contain both lead and zino 1 
ores, and these are all argentiferoas. Oonsideralile quantities of lead I 
are produced; but very little zinc." The production of lead ore proper 1 
for 1891, Fachs & DeLmunay place at 2700 tons. The deposits wbiah , 
call for notice here are those of Przlbram, Mies, and those of Adam* \ 
sladt and Kndolphstadt northeast of Bndweis. 
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The Przibram ore deposits were worked at a very early date — ^just 
how early is not known — it is thought as early as the 9th centnry, 
and records extend back as far as 1330. They were reopened in 1527 
and have been worked almost continaonsly since. According to Phil- 
lips [ 168, p. 318], they yielded from 1876 to 1881, 30,000 tons of lead, 
and in 1891, according to Fachs & DeLaanay, 4800 tons. Several 
thousand men are employed, and the works extend to depths of over 
3700 feet*. The country rocks are Silurian quartzites sandstones, and 
slates, bounded on the east by granites; the former are traversed by 
greenstone ( or diorite ) dikes, having a general K. — S. strike and a 
steep dip to the west, while these stratified rocks, though violently 
flexed and also faulted, dip generally N. 60"^ to 75^ E. The ores occur 
in lodes or veins which follow the strike of the diorite dikes. They 
vary in thickness from an inch to 20 feet; they sometimes form con- 
tact deposits with the dikes and even send leaders into the latter. The 
dimensions and the distributions of the veins are very irregular. The 
metal-bearing minerals consist of pyrite, argentiferous blende and 
galena and other silver ores. The gangue minerals are spathic iron, 
calcite, dolomite, quartz and some barite. The galena occurs in the 
gangue in veins, bunches, lenses or disseminated in a quartzose matrix. 
The texture is generally granular ; in one instance a banded arrange- 
ment was found. The crude lead ore contains about 20 % of lead. Fuchs 
& DeLaunay characterize the filling as of the concretionary type. The 
ores seem equally abundant in the sandstone and quartzite, though 
less so in the slate ; the influence of the country rock appears, however, 
to be purely mechanical. The decomposition of the ores extends to 
depths of 400 feet. 

At Mies, we have, as country rocks, pre-Silurian clay shales with 
sandy layers. Through this run numerous parallel veins in a direction 
about S. 40, E. The principal one has a strike S. 30° E , and a dip of 
from 65° to 80° W. It varies in thickness, from a thread to 18 ft. The 
metalliferous minerals are principally galena and blende and their de- 
composition products ; with these are pyrite and barite. The gangue 
is quartzose. Three mines here, in 1881, produced 3000 tons of argent- 
iferous galena. 

At Adamstadt and Rtidolphstadt the country rocks are gneisses and 
schists, traversed by granite dikes. In these are lodes running in a 

* The Frans Joseph shaft, when completed, will be 4294 feet deep [195, vol. 2, p. 402] , and with 
the exception of the Tamarack shaft on Lake Superior, the deepest in the world. 
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N.-S. direction. They contain argentiferous galena and blende, in layers 
or distribnted through the gangne. The latter cougieta, in aome lodes, 
of decomposed quartzose dolomite ; in others, of quartz, with horses 
of gneiss and granite. The veins vary in thickness, from 1 to 18 ft, 

Oalicia. — We will refer here to only one mining districl, that of 
Kirlibaba in southern Galicia, described by Von Cotta. The deposits, 
here, containing argentiferous galena, have been worked for several 
hundred years. The country rock is principally mica, schist, contain- 
ing a bed, about 300 ft, thick, of black, bitamiuons shale. In this shale 
are iial, irregularly distribnted lenses of ore, which is parallel to the 
stratid cation, and are of sufficient size to be exploited separately ; in 
addition, these shales are traversed by lodes, nearly ])arallel to the 
stratification, in which the minerals are disposed in bauds. The lenses, 
it is snggeeted, were impregnated from these lodes. The ore bodies 
consist principally of argentiferous galena with spathic iron, blende, 
some pyrite and some quartz. 

The Tyrol In the Tyrol are two localities worthy of notice, i. e. 

the lead and zinc deposits of Schneeberg and the copper and lead de- 
posits of Klanseu. In 18S9 the province produced over 800 tons of 
argentiferous galena and nearly 3000 tons of blende, 

The Schneeberg mines were worked for lead a long time ago; in 
1486 as many as 1000 men were employed there. They seem to have 
been soon exhausted of their lead, and it was nol nntil 18G6 that they 
were reopened for the zinc blende. In 1880 it, was estimated that the 
mine would produce about 7000 tons of blende and several handred 
tons of lead ore. From 1877 to 1881 inclusive, the prodnction waa 
about 23,000 tons of blende. The country rock is a mica schist, gen- 
erally striking E. and W. and dipping N. The deposits are in large 
lodes, 7 to 50 feet thick, which have been traced a distance of 1^ miles 
and proved to a depth of 3000 feet ; Ihey and the immediately asso- 
ciated schists generally strike N. K. and dip N. W. The ores consist 
of blende and galena, apparently banded, with a little pyrite and other 
minerals distributed in the veinstone. 

The Klansen lead and copper deposits have also been worked for 
a long time. The country rock is here an argillaceous mica schist witb 
layers of different composition. It is traversed by a broad mass of 
diorite associated with what is known as " fieldstone." The ore oc- 
curs in lodes traversing all of these rocks, the principal ones striking 
£-W, and dipping 60° to 80° N.; they vary in thickness up to several 
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fathoms. The lode is galena bearing in the diorite, while, in the schist 
and fieldstone, it carries iron and copper pyrite and is generally leaner. 
The galena is somewhat argentiferous. 

Hungary. — The principal lead-producing mines are in the vicinity 
of Schemnitz. The country rock consists of a *' greenstone porphyry" 
surrounded by trachyte. Through this runs a group of seven parallel 
veins in an E.-W. direction, separated by intervals of 1000 to 2000 ft. 
The principal one extends three miles and is 12 to 22 ft. thick. Silver 
prevails with all in the western ends, wbile galena predominates in the 
eastern. The veinstone is feldspathic. The Biebergiug is never less 
than 60 ft. in thickness. [£34, p. 168.] 

In the Banat, in the southeastern corner of Hungary, is an inter- 
esting series of contact deposits, which occur along a range of moun- 
tains 150 to 200 miles long. This range extends in a north to south 
direction, and is composed of igneous rocks, chieily syenite, diorite 
and porphyry, probably of post-Cretaceous age. Von Gotta describes 
the deposits as occurrijig along the contacts between these rocks and 
associated limestone beds, and as having been deposited from solution 
in cavities formed by dynamic action and by solution. The forms of 
the deposits are, hence, very irregular. The contained metalliferous 
minerals are principally galena, blende and copper and iron pyrite with 
both gold and silver; the gangue is composed mostly of quartz and 
calcite. The ores are much decomposed near the surface. 

Transylvania. — At Sinka,near Kronstadt, in southeastern Transyl- 
vania, is an interesting and peculiar series of argentiferous galena 
deposits. The country rock consists of mica schist with interbedded 
quartz strata, the whole traversed by porphyry dikes, generally of a 
brown, but sometimes of a green color. The ore deposits lie between 
five such dikes, whic^h are only a few feet apart. They are not in the 
form of lodes or of beds or of impregnations, but are small concre- 
tionary-like masses distributed through the schist. The latter are 
decomposed adjacent to such bodies, and are sometimes impregnated 
with ore. They are somewhat like the lenses of Kirlibaba in Galicia ; 
but no lodes, which might be considered sources of supply, traverse 
the rocks here. The ore is principally crystalline or granular galena 
with some cerussite, in cellular quartz or decomposed schist. Blende, 
copper and iron pyrite and their decomposition products are also found. 
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BELGIUM. 

Both lead and zinc ores are mined in Bplgiom; bnt, thongh large 
gnautities of lead ore have been produced in past years, the onlpnt 
daring recent years has been redoced to only a few hundred toDB per 
annnm, while Ihe annual production of zinc ore has been in the neigh- 
borhood of 25,000 tons. The lead ores mined, though containing small 
quantities of eilver, are not to be classed as argentiferone; the zinc 
ores are principally the carbonate, smithsonile, and Ihe silicate, cala- 
mine. 

Mining of zinc ores in Beldam is believed to have been in pro- 
gress as early as the 12th centnry* for nee in the manufacture of 
brassi bnt the records do not go back farther than IGIO, and it wsb 
not until 1806 that the first zinc fnrnace was constructed by the Abbe 
Dony [94, p. '-'.'/y]. Lead mining was in progress during the eariy por- 
tion of this century, and doubtless before. 

All the noteworthy lead and zinc deposits of Belgium are in the 
province of Liege, on the eastern edge of Ihe kingdom. The principal 
of these are those of the Bleiberg lead mines and of the Vieille Mon- 
tague zinc mines, both near Moresnet. Other large deposits have, 
however, also been exploited near Verviers, Liege, Philippeville and 
other points, which we will briefly describe. 

Bleiberg. — The deposit at this point has been by fdr the most pro- 
ductive of lead in the kiugdom, and has also yielded large quantities 
of ziuc. It is situated near Moresnet, close to the Prussian line. The 
exact dale of the beginning of mining here we are unable to give. The 
productions since the first part of the century have, however, been 
large. From 1863 to 1878, Hague [9.',^ p. 3SG] quotes the prodnctionaa 
abont 66,000 tons of lead aud 33,000 tons of zinc, and Phillips [168,p. 
Z57] expresses it as about 96,000 tons of zinc ore and 96,000 tons of 
lead ore. The lead ore, thongh containing a small quantity of silver, 
is not classed as argentiferous. 

The country rock consists of Lower Carboniferons limestone and 
Coal Measure shales, sandstones aud grits. 

The ore body is a vein, normally about three feet thick, which 
traverses and may be traced acroes the onlcrops of both of these for- 
mations — being proved for a distance of three miles iu the Coal Meas- 
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ure and one and a half miles in the Lower Oarboniferous limestone. 
The vein is vertical or dips at an angle of 75^ or 80° toward the east 
or west; its trend is N. 67° W. No faulting has occurred along this 
fissure and no eruptive rocks are associated with it. The vein shows 
evidence, however, of having been reopened at different times, and, 
accompanying this, there was sufficient movement to cause much 
secondary brecciation of the ore body. 

The gangue consists principally of fragments of the country rock, 
more or less broken and decomposed ; where there are shales there is 
thus much clayey material present. The metalliferous minerals have 
been deposited from solution in the cavities between these fragments, 
or in grains and strings through the clay ; sometimes there is a banded 
arrangement of blende and galena in the larger cavities. The blende 
seems to have been formed before the galena. Calcite, silica and some 
pyrite occupy part of the space between the fragments, and are of 
later formation. The crude ore as mined contains about 18 per cent 
of metalliferous minerals. 

At some places large cavities have been eroded out of the adja- 
cent limestone, as much as 1600 ft. in length and 200 ft. across ; these 
were lined with galena and blende, but through movements of the 
rocks these minerals have been almost entirely dislodged and are now 
buried in a great mass of breccia on the fioor of the cavern. 

At the junction of the Lower Oarboniferous limestone and the 
Ooal Measure rocks is an intercalated mass of galena which reaches 
to within about 50 ft. of the surface. It is without admixture of rock 
and has not been disturbed. 

Very large operations have been conducted at these mines in past 
years ; one of the great obstacles was the immense quantity of water 
with which the deposit is saturated. This is the only true vein which 
has been worked in Belgium, aud is the only deposit there carrying 
lead and zinc ores in the Goal Measure rocks. 

Vieille Montague. — These mines, known also by the name of Alten- 
berg aud Kelmisberg, are situated near Moresnet. The earliest zinc 
mining in the kingdom was here. The ores are of zinc exclusively, 
no lead being mined. The production has been very large since 1846, 
when extensive mining was first begun. Up to 1856, 1,700,000 tons of 
<)rude ore had been excavated in open cuts. Since that time opera- 
tions have been entirely under ground, and up to 1878 the total output 
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had reached over 200,000,000 tons, represeuting 1,600,000 tons ofcou- 
ceutrated ore ; siiice Ihen the fields have eontinued large. 

The ore body ocuapies a narrow syncline or basin of Oarbonifer- 
ons dolomite, the sides of tbe bnsin bein^ composed of Uevoniau 
shales standing nearly vertically; tbe pitch of the trongh is from lO'' 
to 16". The deposit is about 1400 ft. long in a N. E.-S. W. direction, 
600 to 700 ft. wide, and about 200 ft. deep. The ore consists prin- 
cipally of smilhsouile and calamiue, and these have replaced the dolo- 
mite so completely that, in places, do traces of that rock are left. 
Intercalated strata and masses of dolomite are encountered, however, 
aud one such divides tbe ore body of the basin into two parts, a north 
and a south one. The smitbsonite aud calamine are frequently id com- 
pact masses, but are generally in irregular forms and somelimes iu a 
great number of layers, separated by clay. Willemile is also found in 
large masses, of JOO cub. yds- or more, promiscuously distributed. 
Smithsouite is most abundant in the upper portions, while calamine 
prepouderates in the lower. Only very small qnanlities of blende or 
galena are fonnd, and pyrite there is also little of. 

Concerning the origin of these ores, anthoritles seem to agree in 
considering them derived from solutions issuing from depths, through 
tbe fractures with which the region is transversed [ HI. > ol. ii, p. 4 '<" ]. 
the silicate and carbonate directly replacing the dolomite, and not 
resulting from the secondary alteration of blende. At Dicgenbush, iu 
a number of places, calamine is concentrated at the bottom of the de- 
posit, under the blende. 

Nouvelle Montagne. — At Verviers is a deposit of this name which 
Whitney | 'S34, p- S^3 J describes as an immense pear-shaped body of 
zinc ore, forming an envelope around a dolomite interior. Deposits of 
lead ore occur here also. 

Corfatie. — At this place, a few miles from Liege, a deposit contaiu- 
ing calamine, galena and blende. In separate parts, occurs in the shape 
of llatleiied layers, 3 to 25 ft. thick, between Lower Carboniferous lime- 
stone aud Goal Measure rocks; its attitude is nearly vertical. Id 1851 
the Corfalie company produced about 20U0 tons of zinc and 550 tone 
of lead. 

Welkenrodt.^This deposit is not (ar from Altenberg or Vieille 
Montague, but is of au entirely different character. Von liroddeck 
describes it as a contact bed or mass [J.''.', p. .'4/ ] lying between Car- 
boniferous limestone and shale. Along Ihe strike it is over TuO ft,, and 
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it conforms to all the dips and flexures of the rocks. The lower por- 
tion of the ore body, next to the limestone, is either massive, drasy, 
layered onearthy calamine which passes into an ochery iron ore in the 
upper levels. The upper portion of the deposit, next to the shales of 
the hanging wall, is composed of black clay with nodules and seams of 
blende, galena and pyrite. The deposit dips steeply with the enclosing 
rocks. 

Philippeville. — This is about the westmost locality of this series of 
Belgium zinc deposits. Ores occur here of the nature of contact beds, 
and consist of galena and blende in the form of inclusions in limestone. 
An impregnated stratum of dolomite, 5 to 6 ft. thick, is traceable here 
for two miles. 

In general, regarding these Belgium deposits, it is to be noted that 
the zinc ores are confined to the limestones and are never in the sand- 
stones or shales; that, even where crevices or fissures extend into the 
Goal Measure rocks, they are barren, with the one exception of the 
Bleiberg lode. The metallic contents of all these deposits are con- 
sidered to have been supplied from depths and brought up through 
crevices or fault fissures. 

GREAT BRITAIN. 

Both lead and zinc ores are mined in Great Britain, principally in 
England and Wales. Many of the lead ores are argentiferous, but most 
of them contain a comparatively small amount of silver. By reference 
to the table of productions, in chapter VI, it will be seen that the 
kingdom ranks at present fourth among nations in the production 
of lead ore and ninth or tenth in the production of zinc ore. With 
lead, there has been an almost constant decline in production for the 
past 50 years — the output being less than half what it was in 1856. 

The following table, extracted from volume II of the Mineral 
Industry [p. 419]^ gives the productions of lead of the most important 
districts during the last 20 years : 
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This taWe Is compiled (rora Btatlatlcs In the Brltlah blue Iwoks. whic 
the years 1858-71. both lucluslve. Tbecolumn " North of England" 
|BDd. Cumberland. Wefltmoreiand. Durham, and Yorkslilre: " North ^ 
Bblre: vrhlie Cardlganahlro. Montgoineryslilre. and the Enicllali count} 
the caption "Mid-Wales," In nil the EDgliah stalisilcs the productli 
of dressed mlaeial reported hy the mines, the atnouut of metal o 
SM of the di7 assay value of the mltieral. 

The working of the lead deposits was of a very early date, cerlaJDly as 
far back as soon after the Koman invasion (55 B. G.),aDd perhaps earlier- 
Zinc ores were mined as early as the 12th cenlnry, and possibly before, for 
the maanfactiire of brass, though the metal zinc was not known or extraoted 
before the ISth century. 

Deposits of these ores are found in the northern, central and sonth- 
«aBteru counties of England and in Cornwall and Wales. During recent 
years the produclion has been greatest fioiu the coanties of Durham, Korth- 
nmberland and Cumberland, from Derbysbire, from Flintsbire. from Cardi> 
^nshire and Shropshire. In Scotland, Lanarkshire and Dumfriesshire 
have been important producers, and Isle of Man yielded in 1891 more lead 
ore than any one county of England. Durham excepted. In past years 
Montgomeryshire, Denbighshire, Yorkshire, Cornwall and others have been 
large producers. These various deposits we will now describe brieflyi 
somewhat in the order of their importance. 

Durham, Nortkumberlanil, Cumberlanil, WeHmoteland, Torkahire. — The 
contiguous portions of these five northern counties constitute what is 
known as the North of England lead district. Here are themost important 
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lead deposits of the United kingdoms. They were operated as early 
as the Eoman occupation, bat records of mining do not extend back 
beyond the 13th century [1J6, p. I48]. Since then the deposits have 
been worked at intervals to a greater or less extent. 

Both lead and zinc ores are mined here, the former slightly argen- 
tiferous, containing generally only a few ounces of silver to the ton^ 
and the pure galena never over j\ of one per cent [04, p, 68]. The 
average lead contents of the crud<^ore is about 8.5% [195, vol. ii^p. 4I8], 

The productions of the early years of mining have not been re- 
corded. Between the years 1845 and 1882, according to Hunt, the 
Durham and Northumberland mines produced from 15,000 to 26,000^ 
tons of ore annually, 20,000 tons being about an average. Between 
1878 and 1882, according to the same authority, Cumberland averaged 
about 1500 tons of zinc ore. Fuchs & DeLaunay place the lead ore 
production of Northumberland, in 1880, at 17,600 tons, of Yorkshire 
at 4700 tons, of Cumberland 2900 tons, and of Westmoreland 170O 
tons; in 1891, Durham .8600 tons, Northumberland 3600 tons, Oamber- 
land 2900 tons, Yorkshire 1700 tons, Westmoreland 1600 tons. The 
whole district produced in 1880, 26,700 tons of lead; in 1891, 12,90a 
tons; in 1892, 11,000 tons [195, vol. u, p. 419]. 

The country rock is Lower Carboniferous limestone, 2800 ft. thick 
as exposed along the Pennine chain of mountains, following very nearly 
the axis of a great anticlioo. The formation is made up of thick beds 
of limestone, in part ma^nesian, alternating with sandstones and shales ;. 
it is overlain by the Millstone grit and Coal Measures. The limestone 
beds vary from 15 to 64 ft. in thickoess, and the ores are principally 
associated with these — the richness and thickness of the veins varying 
with the rock. These rocks are traversed by a vast number of lodes 
running in different directions. The so-called ^ rake veins" are diago- 
nally across the strata, in a N. W.-S. E. direction, and these are the 
most profitable ; they are nearly vertical as a rule, but have an irregular 
zig zag section, like a flight of stairs, flat stretches alternating with 
vertical. They are usually 1 to 4 ft. thick, but range up to 17 ft. De- 
posits of ore following the stratification are known as ^'flats," and ar& 
often very productive, and sometimes lead into large caverns encrusted 
with galena and other minerals. Pipe veins are also recognized. The 
limestone is generally much decomposed along the lode. The veins^ 
according to Phillips, are usually along fault fissures, the throw vary- 
ing from a few inches to 300 ft. [1^1, p. 185.] Where different rocka 
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are brought opposite each other by sach faDltiag, lead ore is not com- 
moDly foiind. A layer of trap, 60 and mare feet thick, separates tbe 
formatioD into two parts, and, at A'slou Moor, thJa trap constituteB tbe 
base of the metalliferous zone. Tbe inlrasioa of this trap, Phillips 
slates, appears to have been posterior to the formation of the east and 
west veins. Ores are only present in this formation when accompanied 
by this trap. The metalliferous minerals are principally galena and 
blende, with pyrite, caleite, barite, feldspar and quartz in the gmgae, 
and sometimes brown iron ore and spathic ore. 

The sonrce of these ores, Wallace | ;^'-.'7, p. JJf.J ] suggested might 
be the very limestone and sandstont' in which they ocenr, through the 
leaching, by circulating waters, of smull qaautities of diffused minerals. 
Posepiy [ 171 \ considers the great length of these veins evidence of 
the existence of deep subterranean channels, through which solutioas 
from depths were condacted. 

Derbyshire. — Derbyshire is another county of very ancient mining, 
evidence of work in Roman limes being found here also. Prior to tbe 
latter part of the 13tb century, probably the only lead mines worked 
to any considerable extent by the English were here. The production 
of lead ore in 1876 is given as 2500 tons, and in 189! as about 5000 
tons. In 1893, the production of lead was 3300 tons. Between 1878 
and I8S3 the annual zinc production did not exceed 60 tons. The lead 
ore here is slightly argentiferous, like that of Oumberland and adjacent 
counties just described, 

The country rocks are the limestones and associated strata of the 
Lower Oarboniferoos, like those of the preceding counties; they are 
here, however, traversed by a greater number of greenstone dikes 
("loadstones") and are generally much frf,nlted. The greenstones are 
probably both contemporaneous with, and also later ibjecled into, tbe 
limestone beds. They are composed of augite, plagioclase, oxide of 
iron and sometimes olivine and apatite : they are sometimes compact 
and sometimes amygdaloidal or ecoriaceons. These dikes vary in thick- 
ness from 30 lo 100 ft. The ores occur in veins of the same character 
as those of Durham and Cumberland, and they are similarly classified. 
They are closely associated with the greenstones, but, in the great ma- 
jority of cases, do not penetrate these, though they sometimes enter 
them, I)nt at the same time become broken up and diffased. Few of tbe 
crevices in the extension of these veins in the overlying slates and 
Millstone gril are metalliferous. Most of the deposits are in one /.one 
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of limestoae. The ores and associated minerals are the same as In the 
counties described. According to Fachs & DeLannay the veins be- 
come universally impoverished with depths — the copper and zinc con- 
stituents disappearing before the lead. Workings extend to depths of 
600 and 800 ft. 

Sfiropshire. — In the southwestern part of this county are deposits 
containing both lead and zinc ores, the former at times somewhat ar- 
gentiferous. These were opened as early as the Boman occupation, 
were worked in the 12th and 13th centuries, and continue to yield con- 
siderable quantities of ore to this day. In 1876 the production of lead 
ore is given by Davies \ 5S p 201] as about 9000 tons; according to 
Fnchs and DeLaunay it was 2000 tons in L891. The zinc ore output 
between 1878 and 1882, according to Hunt, averaged about 600 tons 
annually. 

The mining area is a small strip, about four miles wide and seven 
miles long, extending across a belt of strongly folded Oambro-Silurian 
beds. The ore-bearing strata aggregate about 5000 feet in thickness, 
and consist of dark slaty beds, sandstones and shales, traversed by 
greenstones and feldspathic dikes, and having interbedded traps and 
porphyries. The deposits, which are generally along the anticlines, 
are in the form of lodes, which traverse the strataprincipally in a W. N. 
W. — E. S. E. direction ; these are filled with fragments of the country 
rocks cemented by barite, calcite, quartz and feldspar. 

In this matrix galena and blende are found, generally in irregular 
strings, which lead into nests of ore — the metalliferous portion of the 
ore body thus constituting pipes or runs in the lode. The most pro- 
ductive portions are where the lode traverses hard rock. The lead 
ores from only two mines, says Davies, have- yielded silver. 

Montgomeryshire, — This county was probably also the scene of 
Roman mining, and operations were active here 150 years ago and have 
continued up to recent years. In 1876 the production of lead ore was 
over 10,000 tons, and between 1878 and 1882 nearly 2000 tons of zinc 
ore were produced annually. The lead ore is more argentiferous than 
that of Shropshire. 

The country rocks and forms of occurrence of the ore are similar 
to those of Shropshire, and the rocks are similarly distributed. The 
lodes vary greatly in thickness, from a mere thread to 12 feet. The 
metalliferous ores are principally galena and blende, and with these 
are associated barite, witherite, calcite and quartz. In the Van district. 
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vhere tbe most noted mines occnr, U a monster lode, 13 to 80 feet 
thick, filled with country rock and clay, traversed by veins of calcite, 
quartz and barite. Tbe metals are diatribaled tbroughont in email 
bauches, cemented by strings, and these are sometimes more abandant 
near tbe walls than in the interior. 

Oarna j-i'OMsft ire.— Here are lodes traversing tilted Oambro-SilariaQ 
slates and grits and feldspulhic rocks. They have an E. — W. direction, 
and are generally 2 to 4 ft. thick, thongh one is as much as 30 ft. in 
pla(;e8- They contain galena, with qnartz and calcite, tbe first argen- 
tiferoQS. 

Cardiganshire. — Mining in this connty is apparently of very ancient 
dale. Davies places it probably as far back as the time of the ancient 
Britons, and pretty certain in the Roman period. In the time of Qaeen 
Elizabeth the mines were worked, and from then at intervals to the 
present. Both lead and zinc ores are produced, tbe former often rich 
in silver. In 1845 about G500 tons of lead ore were mined, in 18S2 
4500 tons, and between these dates the average aunnal prodnction was 
close on 7000 tons. In 1891 over 2400 tons were mined. Between 
ISTS and 1882 the prodnction of zinc ore ranged from about 600 to 
4000 tons annually. The ores are found along several belts extending 
in a N, E.-8. W. direction, from Montgomeryshire to the sea, and cor- 
responding to the anticlinal axes of Cambro-Silurian strata. Tbe lodes 
have generally an ENE.-WSW. direction, and dip S. 60° to 80°. 
The gangue is principally i|uartznnd fragiuentsof country rock, through 
which the galena and blende are distributed in ribs and masses and in 
a network of veins, and also iiittmatelj- mixed with the gangne; the 
minerals are not arranged systematically. Some copper and iron 
pyrite, barite and calcite occur with the ores, but no fluorspar, Near 
the surface some carbonate and pbospbate of lead are found with a 
little calamine. Most of the ore is found where tbe lodes traverse the 
harder slates. An enrichment also occurs at the tutersection of the 
lodes. No igneous rooks traverse the formation here. 

FUnUl'ireami Denhiglishire Mining in these counties reaches back 

also probably to the Roman period, and the productions at tbe present 
time of both lead and zinc ores are large. Tbe lead ores are argen* 
tiferoUB. In 18T6 the two counties yielded over 6300 tons of lead ore, 
and in 1891, 7200 tons. Between 1878 and 1882 the yield of zinc ores 
rauged from 6000 to over 11,000 tone annually. In 1892 the Minera 
and New Minera mines at Wrexham produced 7200 tons of zinc ore 
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and only 1600 tons of lead ore. The most important mine of Denbigh- 
shire at present is the Holkyn at Holywell, producing about 3400 tons 
lead aad 900 tons zinc ore per annum. 

The country rocks belong to the Lower Carboniferous limestone 
series, overlain by the Millstone grit and the Goal Measures. The lime- 
stones are traversed by parallel lodes, coursing principally in an E. — W. 
direction across the formations and the trend of the belt. They are 
productive in the Millstone grit, but are represented by barren fault 
fissures in the Goal Measures. The shapes and associations of the ore 
bodies resemble those of Derbyshire. They are normally crevice-fill- 
ing veins ; but in the limestones they occur in flats and pipes and large 
caverns, and the adjacent rock is open and decomposed. Very pure 
galena occurs here and also large quantities of cerussite ; zinc is 
mostly in the form of blende. The gangue is largely clay and the 
associated minerals are calcite, a granular quartz, and barite. No 
igneous rocks are associated with these deposits. 

Cornwall, — Large quantities of zinc ore and of argentiferous lead 
ore have been mined in Gornwall. In 1845 over 11,000 tons of lead 
ore were produced. From this, the output, with some fluctuations, 
declined steadily to 1882, when only 700 tons were produced. No 
production is given for the county by Fuchs & DeLaunay in 1891. 
During the five years, 1878 to 1882, about 28,000 tons of zinc ore were 
mined. The principal mines are north of Truro in the western part of 
the county, and near Liskeard in the eastern part. 

North of Truro the East Huel Eose and West Ghiverton were the 
principal mines. The latter worked a lode running E.-W., dipping 
20° S., 6 ft. wide and filled with clay, quartz and calcite as a gangue, in 
which galena and blende occurred both in layers and disseminated. The 
country rocks are clay slates, of probably Devonian age. Elvan dikes 
traverse this lode, and the ore is more abundant and richer in silver in 
their vicinity. 

Near Liskeard are several different districts in which are the 
Herodsfoot and other mii^es. The country rocks are Devonian slates 
with conformable sheets of elvan, which is a feldspathic and horn- 
blendic igneous rock, containing often spheroidal masses of quartz and 
galena arranged in concentric layers. The productive lodes run in a 
nearly N.-S. direction, and dip from 70° to 80° E. ; they vary in thick- 
ness from a few inches to 4 ft. Qaartz is the principal gangue, often 

0-6 
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granular and Bometimee banded, containing galena and blende. Car- 
bonate and phoepbate of lead oecnr near tbe surface. Pjrite is also 
present. 

Devonshire. — The lead mines of this countj' were worked by the 
Bomans, and were of great importance in the past, being exteneively 
worked in the 13th and 15th centories, and also down to the last quarter 
of this eentttry. In 1876, however, only aboal .500 tons of lead ore 
were produced, and in 1831 but 10 tons; for 1891 no production is 
given. Tbe principal deposits were in the southern part of the county, 
near Beer Alston, and in the northern part, near Combe Martin. 

Near Beer] Alston were lodes traversing Devonian, calrareous 
elates in which galena was disseminated in lumps through a matrix 
composed largely of floor spar. The galena was very rich in silver. 

Near Combe Martin the lode traverses a Devonian slate close to 
its contact with limestone ; the gangue is of quartz and spathic iron, in 
which the galena occurs in conrsea and masses, principally on the lower 
side of tbe lode. 

In Somersetghire, just north of Devon, lead and zinc ores are found 
in the Mendip hills. They occur in veins in the Lower Carboniferous 
limestones, and disseminated and in veintets in a dolomite conglomerate. 
Tbe veins are 1 in. to 3 ft. thick, and run in all directions ; they contain 
galena, calamine, ealcite, barite and quartz. Some little work is sUI) 
done here on the old slag heaps. 

Scotland. — In the southern part of Scotland, in Dumfriesshire, 
Lanarkshire and Argyleshire, are a number of lead deposits, some of 
considerable importance. Kecords of mining extend back several hun- 
dred years. Both lead and zinc are produced, but principally the for- 
mer, and these are argentiferous. In 1845 the lead mines of Scotland 
yielded 1200 tons of lead ore ; from this the output rose to nearly 5000 
tons in 1882. In 1891,4500 tons were produced. During the hve years, 
1878 to 1882, nearly 9000 tons of zinc ore were mined. 

The mines at Leadbitls in Lanarkshire and at Wenlock Head Id 
Dumfriesshire are in Silurian rocks ; the ores occur in lodes 4 to 14 ft. 
thick, and consist of argentiferous galena in floor spar. At Strontian 
in Argyleshire, lead veins occur in granite. 

Ire'and. — Lead and zinc ores occur and are mined in Ireland, prin- 
cipally in county Wicklow; but, also, in county Down. In 1845 the 
prodnotioQ of lead ore was 2'JOO tons, from which it rose to about 5000 
tons in 1862 ; after this it declined, with fluctuations, to about 1100 tons 
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in 1882. DariDg the three years, 1878 to 18^0, 360 tons of zinc ore were 
produced. The lead ore was highly argentiferous. 

In Wicklow the ores are found in lodes, in Lower Silurian slates 
traversed by granite, porphyry and greenstone. The Lnganure vein, 
which is one of the most important, is in granite, and dips 65° W. Galena 
occurs in layers or disseminated masses, associated with blende and 
copper pyrite. At Glendalough is an E.-W. lode, traversing granite and 
slate ; the gangue is principally quartz, in which are cavities filled with 
clay, ocher and cerussite; argentiferous galena is also found in the 
lode, associated with copper pyrite, iron pyrite, some blende, barite 
and carbonate of iron. The production of these two mines, from 1870 
to 1881 inclusive, was about 18,000 tons of argentiferous lead ore. 
At Glenmalure is a similar vein dipping 80% 12 to 20 feet thick, from 
which 400 tons of lead ore have been produced annually. 

At the Shulle silver mines a deposit in a fault fissure is described, 
containing argentiferous lead ore, copper pyrite, blende and calamine, 
it varies in thickness from a few feet to 20 feet and more. Closely 
adjoining is a large surface deposit of calamine, 10 to 60 feet thick, 
which seems to be a mass interbedded between limestone and dolo- 
mite, dipping north with the strata 20° to 30°. 

Isle of Man. — The Isle of Man was the scene of very early mining 
— how early, is not recorded, but operations were undoubtedly in pro- 
gress in the first part of the 15th century. During recent years large 
quantities of both lead and zinc ores have been produced, the former 
argentiferous. In 1845 the lead ore production was 2500 tons, and 
from that time it increased almost steadily to 6000 tons in 1882. In 
1891 it was 7500 tons. From 1878 to 1882 the yield of zinc ore was 
45,000 tons. 

The ore deposits are similar in form and association to those of 
Camarvanshire already described. The principal mines are the Fox- 
dale and Laxey. At the former are lodes running 8° S. of E. The main 
lode is worked for a distance of four miles ; counter-veins are found 
in the granite in the deeper workings. The lode ranges up to 40 ft. in 
thickness. The Laxey lode courses 9° E. of N., though Lower Silurian 
slates. Large amounts of blende are associated with the lead ores. 

In the Orkney islands lead mines are also reported. 

THE GBBSIAN BMPIBE. 

The zinc ore production of Germany during the past ten years has 
varied from over one-half to nearly three-fourths of the production of 
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all Europe, or has averaged about 800,000 tons aDDually.* Of lead ore 
the oatpnt has been more moderate, thongh still large, averaging aboat 
200,000 tons, or aboat one-flfth of all Earope'a prodnotion. Almost all of 
this lead ore is argentiferous. 

The following fables, from volnme 11 of the Mineral Industry, give the 
prodactione of the principal districts during late jeara: 
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The oreB from wblcb the lead of the first table is prodnced are 
argel; domeslic, bat are also imported from Anstiia, Belgium, Spain 
aod other coantries. 

As ID th&adjoining countries of Anstria and Belgium, mining within 
the limits of the German empire dates back many hnndreds of years. 
In Rhenish Prussia, the smithsonite deposits were doabtless worked as 
early as those of BelKiam, or in the 12tb centary for a certainty, and 
perhaps moch earlier. At Wiesloch, in Baden, mines were worked in 
the Uthcentary; about Holzappel in the 12th. 

The great zinc-prodncing region of Germany has been Upper Si- 
lesia, probably over three-fonrtbs of the oatpat having come from 
there. Sext in order of importance are the Rhine provinces, West- 
phalia and Xassan. In lead production the Rhine provinces ranlt first, 
and after these come the Harz, Silesia, Saxony and Nassau. 

Upper Silesia — The famons zinc aad lead deposits of this pro- 
vince are in its extreme sonthweatero portion, about Beatbeu and 
Tamowilz on the Polish border, in which latter country are also impor- 
tant mines. Lead as well as zinc ore^ occnr here, but the former, which 
are are argentiferoas, are in quite subordinate quantities. In all the 
mines of this district nearly 10,000 people have been employed during 
recent years. Lead mining was commenced here as early as the J2th 
oentory, and baa been actively pursued daring various periods since. 
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In'1562 over 'iOOO tons of lead irere produced, in I860 over 23,000 Iods of 


le&d ore, and in 1890 over 36.000 tons. Zinc ore was mined for the manu- 


faclare of brass in the 16lh century ; in 1702 over 1000 tona were prodaced. 


During the past few years sooie of the largest deposits have become nearly 


exbaaeted, and the production threatens to be reduced. 


The following table givee the recent productions in great detail : 
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The rocka iu which the deposits occur are Triassie limestones and dol- 


omites, more or less iiexed. The ores, especially those of zinc, are found 


generally in depressions under lenticular masses of dolomite, and are eepe- 


1 oially abundant near the margin or lips of these lenses; they also occur in 


1 the depressioDS in the limestone floor under beds of clay and limonite. The 


lead ores are more frequently in the mass of the dolomite. Pipes and 


irregular cavities filled with ore are also found. The deposits are worked 


extensively by open culs. The principal zinc ore is smilhsonite, though 


calamine occurs also, generally at lower levels, while blende is found at the 
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bottom of the deposits. A considerable amoant of cadmiam is some- 
times combined with the smithsonite. These ores freqnently occar in 
layers alternating with clay. The lead ore is principally galena, and 
occurs associated with the zinc compounds, and also locally impreg- 
nating the dolomite. In the vicinity of the deposits the limestone is 
more or less decomposed, presenting irregular and bleached and soft- 
ened suifaces. The zinc ores are low grade, yielding on an average 
only about 20 per cent of metal. 

These deposits were considered by Krug von Nidda to have been 
derived from springs containing the metals in solution, from which, by 
a reducing action of the wall rocks, the minerals were precipitated and 
replaced the limestones. Eunge, according to Phillips, is inclined to 
consider them the result of solution and concentration of finely di- 
vided zinc ores, originally disseminated in the country rock. Fuchs & 
DeLaunay describe them as sedimentary beds contemporaneously im- 
pregnated with the sulphide ores, from which the carbonates and sili- 
cates have been derived and concentrated by secondary changes. 

The Ehine Provinces. — The mines of the Rhine provinces are within 
a district about 100 miles long, from east to west, and some 50 miles 
broad, north and south, all south of the latitude of Cologne and tra- 
versed about midway by the Ehine. Both lead and zinc ores are mined, 
the former being argentiferous. The total production of the provinces 
in 1881 was 62,700 tons of zinc ore, and 81,300 tons of lead ore ; in 1890 
the production of lead ore was 66,700 tons. 

Mechernich near Oommern is one of the most interesting deposits 
of the region. It is situated about 30 miles southwest of Cologne. 
Near by, lead mines were wrought as early as the Roman period. In 
1893 the Mechernich company produced 39,000 tons of lead ore, which 
yielded over 22,000 tons of metal. The country rock is a variegated 
Lower Triassic sandstone, with intercalated conglomerate beds, aggre- 
gating two to three hundred feet in thickness. The basal member is a 
coarse conglomerate, composed of boulders of Devonian rocks, with 
ore immediately adjacent. These rocks are traversed by numerous 
faults, along which there have been displacements of from 125 to 140 
ft Through this sandstone the ore occurs in nodules, from the size of 
a pin's head to that of an apple, somewhat irregularly distributed. 
These nodules are composed in part of quartz grains cemented by ga- 
lena (sometimes by cerussite), and in part, according to Posepny, of 
aggregates of galena crystals. He also observes that they are some- 
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times qaite dense along the fault flHsnreB, wbieti also contain threads 
of the ore at times. The sandatoDe is friable, and the ore is most 
abundant in the white portions. At Bleiberg, these nodules eonetitate 
from 4 per cent to 10 per cent of the mass of the rock, and Ihe lead 
contents of the rocii at Mecheruich varies from .05 per eent to 5 per 
cent of lead, and the silver from .0.3 ozs. lo IS ozs. to the Ion. Some 
pyriteis found associated with the galena. The origin of these ores 
was traced by O. Haber, a good many years ago, to the traversing fts- 
surea, from which, he argued, impregnating solulious had dowed. Po- 
aepny baa recently espreseed himaelf in favor of the same view, and 
baa suggested that some particlea of organic matter originally formed 
nucleus of eai^h nodule and indaced the deposition of the galena. Yon 
Groddeck, however, has advanced the opinion that a later infittrattOD 
of the ores ia very improbable, and that the conditions point to their 
simultaneous deposition with the .Baudstone. 

At Siebeu^ebirge, on the eastern side of the Rhine, below Cobleniz, 
are deposits of blende. At Altglack they are intercalated in lower 
Devonian shales and sandstones, sinking N. 40° E. The gangne is 
principally qnartz, and the ore is almost entirely blende, with aome 
galena. The deposit is crossed by a trachyte dike, near its soulbnest- 
ern end, and though not faulted, becomes rapidly impoverished beyood. 
With deplh it also splits up and becomes diffused. 

The deposits of the Eifel group of the Moselle are likewise in 
Lower Devonian rocks, and are similar to that of Altgluok. Veins 
occar here rnnning in different directions, which are enriched at the 
intersections. 

Near Gladbach, a few miles east of Cologne, zinc deposits ocenr 
in pockets and depressions in Devonian magnesiau limestones asso- 
ciated with clays. They have much the appearance of having been 
washed in mechanically. They are overlain by later deposited beds of 
clay and shale containing brown ooal. The ores consist of fragments 
of calamine, smithsonite and galena, in Middle Devonian shales. 

Near OIpe and Siegen, in the eastern limits of the dislrict, abont 
50 miles east of Cologne, are veins carrying galena, blende and copper 
pyrite, associated with a gangne of spathic iron, and traversing De- 
vonian schists and elates and graywacke. These are not prodnclive 
deposits now, though they were worked as early as the 15th century. 

We»lphalia. — Westphalia, just north of Bheniah Prussia, has been 
an important producer of both lead and zinc ores. In 1881 nearly 
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34,000 tons of zinc ore and 10,700 tODS of lead ore were produced ; in 
1890, 11,400 tODs of lead ore. The most important deposits are those 
of Iserlohn at Brilon. 

At Iserlohn the deposits occur along the contact between the 
Eifel limestones and underlying Lenne shales, both of Devonian age. 
The ores, consisting principally of calamine, smithsonite and galena^ 
with blende at depths, associated with clay and sand, occur principally 
in irregular pockets or nests, sometimes connected ; also in crevices 
which traverse the limestone in a network. The contact with the lime- 
stone is very irregular and the rock surfaces are rounded and decom- 
posed; the contact with the shales is, however, sharp. Both calamine 
and blende are found replacing calcareous fossils, and this, together 
with other phenonena, show plainly the substitution of limestone by 
these ores. 

The Brilon deposits are similar to those of Iserlohn ; much of the 
ore is found in the limestone in crevices of very irregular shapes, asso- 
ciated with clay and pyrite. 

Nassau. — This province, though not ranking now as a producer of 
zinc ore, has been a source of large lead supply. It is also a very old 
mining district, work having been in progress as early as the 12th cen- 
tury. In 1881, the output of lead ore amounted to 23,000 tons, and of 
zinc ore 14,700 tons. In 1890, 13,400 tons of lead ore were produced. 

About Holzappeland west of that place, to and beyond the Ehine^ 
are the most important deposits. They occur in a group of veins, 
trending E5^E.-WSW., and dipping from 60° to 80°; they traverse 
Lower Devonian shales and graywacke, which strike NE. and dip 
SE. ; accompanying this is a talcose clay called *' Weisses Gebirge,'^ 
which Von Groddeck pronounced probably an altered diabase. Out- 
side of the group of veins are basaltic dikes. The veins are very 
irregular, and have sharp deflections. They consist generally of sev- 
eral branches, aggregating 3 to 4 ft. in thickness. They are not abso- 
lutely continuous individually, but belong to a continuous system. The 
gangue is principally quartz; brecciated fragments of country rock 
are also included. The es^^ential metalliferous mineral is galena, and 
with this are associated blende, copper pyrite and spathic iron, also 
barite, calcite and dolomite, mixed irregularly or arranged in bands. 
Near the surface oxidized products are found. The lodes are charac- 
terized by rich and poor sections or zones, and are not everywhere 
remunerative. 
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Hanover, or the Sarz. — The claseic region of the Hatz mountaiuB 
of Hauover, in eastern Praseia, ban been known as a center of mining 
for nearly a tlioasand years, and vast qaanlities of argentiferous galena, 
along with other ores, have been prodnued. Zinc ores occur as acces- 
sories in some of the deposits, but the region is not classed as a zinc 
producer. For the year 1880 the Harz is credited with a production 
of 48,«00 tons of lead ore; for 1«90 with 37,iOO tons. The whole 
region has been much distnrbed by flexing and by Ibe intrusion of 
igneous rocks, and the ore deposits are intimately connected with 
these disturbances. The principal deposits which call for attention 
here, are those of Rammelsberg, (Jlausihal and Amlreaeberg. 

The Rammelsberg ores occur in Lower Devonian slates and sand- 
stones. The deposit is a peculiar one, and has been considered a vein 
of segregation, a true vein and au in t erst rati lied bed. Anthorities 
aeem now agreed in assigning it to the last class. It occars in strata 
which have an overtarned dip of about 45'^ S3E., with which the ore 
body conforms. In the direction of its length it haa been exploited 
over a mile and a half, and in depth nearly 1000 feet; the thickness is 
generally about 50 feet, though soiuetiojesiiear 100 feet. The ores are 
salpbides of iron, copper, lead and zinc, intimately mixed, though 
sometimes distinctly banded; small amounts of barite, calcite and 
quartz occur as gangues. The present hanging wall, which was, before 
the overturn, au underlying bed, is impregnated with ore for a con- 
siderable thickness. The explanation offered for the deposit is that 
it was formed through the impregnation of sediments at the time of 
their deposition, by metalliferous aolutious from depths, and was enb- 
Be(|ueully overturned with the flexing of the country rock. 

Clatisthal includes a large nomber of mines operating deposits in 
foliated and faulted Devonian and Lower Carboniferous clay slates and 
sandstones. The rocks dip 8. B., and are traversed by fault fissures. 
The ores occur in lodes, which are in groups of bifarcating and rami- 
fying veins; they have 8. E.— N. W. trends. The gangue consists 
largely of a breccia of eonutry roeka with a dark clay or shale between 
the masses and fragments, apparently resulting from attrition of the 
walls. This is traversed by a stockwerk of veins composed of calcite, 
dolomite, spathic iron, quartz and barite, carrying argentiferous galena 
and some blende and copper pyrite; the blende increases in quantity 
with depth, while the lead decreases. These composite veins ace often 
100 feet and more thick ; they have generally steep dips. 
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At Andreasberg we have a narrow belt of Silarian slates and 
echists traversed by greenstone dikes. Lodes of several classes oc- 
cur here, and some, of great extent, are entirely barren of metal. Two 
systems are recognized, forming a net-work of argentiferous veins, 
none over 2 ft. thick. They are very irregular, however, expanding 
and contracting and changing in direction and dip ; they are partly 
filled with rock and clay containing calcite and a little quartz, argen- 
tiferous galena, blende, and compounds of silver and arsenic. 

Saxony — Erzgehirge. — The Erzgebirge form a natural boundary be- 
tween Bohemia and the kingdom of Saxony. Many famous mines 
occur along both sides of this range of mountains. Mining was begun 
here as early as the 12th century, and has continued with intermissions 
since, the region including the most important mining centers of Eu- 
rope. Lead ore, which is all argentiferous, has been produced in large 
quantities, the oupnt of 1890 being 35,000 tons. Zinc ore also is mined, 
but in comparatively small amounts — the production of blende in 1891 
amounting to little over 1000 tons. In addition, silver, gold, copper, 
bismuth, nickel, cobalt and other substances are produced in merchant- 
able quantities. 

The country rocks are gneisses, overlain to the west by mica, 
6chists and clay slates. These are traversed by dikes of porphyry and 
other igneous rocks which have accompanied successive disturbances 
of the region, which took place at intervals from early Paleozoic to 
Tertiary times. The ore deposits are intimately associated with these 
rocks, and are considered to have been derived from heated subterra- 
nean waters which accompanied or followed the eruptions. Eepresen- 
tatives of such waters still exist in the thermal mineral springs of the 
region. Over 1800 lodes are recognized, of which more than two-thirds 
are worked for lead in part. 

The Freiberg district is the most important. The ores occur in 
lodes traversing the gneiss. Over 800 are known to exist. They are 
divided into several groups, according to their contacts and courses. 
The latter are either N. E.— S. W., 8.— N. or N. W.— S. E. ; they thus 
frequently intersect. The lodes carrying galena generally contain 
blende, and also copper and iron pyrite and various silver ores; the 
gangue minerals are quartz, dolomite, and in one set of lodes largely 
barite, with some fluor spar and quartz. The materials of these veins 
are sometimes regularly banded, elsewhere brecciated, and also line 
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8 eeldOQi over L ft. I 



largely drnsy cavities. The Ihickuess of tbe ^ 
or 2 ft. 

At Berggieashnebel the ore deposit ia in dark-gray clay elate, tra- | 
versed by quariz porphyry. The deposits are from a few inches lo 20 | 
ft, Ihick, and are parallel to the s t ra I ili cation, like bede. 

At BleiBtadt lodes occur iti mica, Bchist and gneins, with conrsea I 

N.— S. or W., S. W E. or N. E. They are 1 ft. to 2 ft. thick. They ] 

contain galena, blende and pyrite, with cerassite and pyromorphite a 
decomposition prodncts, iu a gangne of clay or qnarlz. The ore occars I 
in bands or nests. 

In the Schneeberg district eimilar lodes carry galena and blende, 
with many other minerals. Some containing large igiiantities of barile 
were formerly worked, and were rich in lead ores. 

Abont Kathartnenberg the lodea contain galena and blende asso- 
ciated with copper and silver ores. At Johanugeorgenstadt and Eiben- | 
stock, lead ores are mined together with silver and cobalt ores. At a 
number of other localities valuable deposits have been worked, and, 
did the pnrposea of this chapter jastify it, it would be of interest to "j 
describe them, as well as to add more concerning those already men- 
tioned. The above will, however, give a general conception of the \ 
nature of the occurrences of lead and zinc ores in the Erzgebirge. 

Baden. — In the duchy of Baden deposits containing both lead and I 
zinc ores occur, many of which have been the scene of extensive and i 
profitable raining. A few of these we will refer to briefly. 

At VVeisIocb, iu northern Baden, is a deposit of lead and zinc ore ' 
which is of special interest in connection with Ihose of Missouri. It 
was worked for galenaas early asthe lUh centnrj, Tbe country rockB \ 
are limestones and dolomites of Lower Triassic age known as the 
Mvsckellcalk, in tbe npper beda of which tbe ores are fouud, Thef | 
oecnr in irregular enlargements of vertical fissures, at the iutersection , 
of these with stratification planes of the liniestones at different levels } ( 
tbey extend oat along these planes in sheets and pipes and irregular i 
masses, sometimes over 20 feet thick, for distances of 20U0 feet. The 
ore consists of smitbsonite, blende, galena, marcasite and limonite* I 
The smithsonite often replaces fossils, and is peeudomorphous after ' 
talcite and has replaced the limestone ; it also contains cadmium, some- 
times as much as 3.36"i>. These ores occur generally with a red claf. . 
Tbe vertical fissures are often only a few lines thick and are filled wilb jj 
clay. Dr. Adotph Schmidt, who was formerly an assistant of the Mis-I 
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6onri Geological Sarvey, has made a special stady of these deposits, 
and coDclades that they have originated, in most cases, by direct filling 
of preexisting cavities, thongh the removal of the limestone mast have 
been simnltaneoas in some cases. The cavities he attributes to oro- 
graphic movements. The original ores were sulphides deposited from 
eolations infiltrating from above [^00, p. 502\. 

In the Kinzig valley, in the northern portion of the Black Forest, 
lodes, 6 ins. to 2 ft. thick, decor in granite, carrying galena, copper 
pyrite and silver ores, in agangue of barite, dolomite, calcite and flaor 
spar. These and other deposits of the valley are pockety and were 
never very profitable. 

Near Salzberg, m the southwestern cornei" of the Black forest, 
are also thin lodes carrying argentiferous galena in barite and quartz. 

Near Badenweiler is a contact vein, at times as much as 12 ft. 
thick, between Devonian sandstone on the one side and granite por- 
phyry on the other. Argentiferous galena, copper pyrite and other 
minerals are found here, in a gangue composed principally of barite, 
but containing also flaor spar and quartz. In the Muster valley sim- 
ilar lodes occur. 

In Alsace, across the Rhine from Baden, highly argentiferous 
galenas are found near Markirch, in veins traversing gneiss; others, 
near St. Nicholas, are in Devonian rocks; others occur in the Trias in 
northern Alsace. 

In Lorraine, near St. Avola, and at other points, deposits of lead 
and copper ores similar to those of Oommern are found in Triassic 
sandstones. 

In Wurtemberg, deposits of argentiferons galena are known. In 
the Bavarian Upper Palatinate, galena and cerussite are found impreg- 
nating the Keuper ( Lower Triassic] sandstones. 

GBEBOB. 

Both lead and zinc deposits occur in Greece, and have been mined 
in large quantities. The lead ore is all argentiferous, much of it very 
highly so : the lead of Laurium contains as much as l%«of silver. The 
deposits are thought to have been worked as early as 1200 B. G. Min- 
ing was certainly in progress on a large scale as much as 2500 years ago — 
the period of greatesc activity being between 600 and 450 B. G. During 
this time as many as 15,000 slaves were employed at the Laurium mines. 
After that, mining was prosecuted at intervals in a desultory way, until 
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the let century A. D., after which the deposits were abandoned until 
1864. From the slag heaps of this mining it is estimated that over two 
million tons of lead and 2/0 million ounces of silver were produced. 
The deposits were reopened for extensive operations about 1876, and 
as is shown in the tables, have since yielded and continue to yield 
large quantities of zinc and lead ores. Outside of the deposits of 
Laurium, others are known at a number of other localities, but the 
former entirely overshadow all others. 

Laurium. — The mines of Laurium are situated at Attica, a few hun- 
dred feet above sea level. Many of the workings extend nearly down 
to this level, which fixes a limit below which the deposits cannot be 
worked. 

The country rocks consist of strata of schists and limestone, va- 
rying in thickness from 200 to 300 ft., and aggregating about 1200 ft. 
These are profoundly disturbed and much metamorphosed, and are tra- 
versed by dikes of igneous' rocks. As a result, numerous fissures tra- 
verse the rocks, which may have served as channels for ore-bearing 
solutions. One main anticUnical flexure crosses the region in a direc- 
tion N. 15° W. The main ore deposits are on the east slope of the 
flexure. The strata are of undetermined age, but are probably Silurian, 
though some have considered them Cretaceous ; they probably lie on 
granite and are overlain by Tertiary and Quaternary deposits. Three 
series of limestone beds and two series of schists are recognized. The 
limestones are crystalline, are denpe like lithographic stone, or are 
saccharoidal ; the schists are in part argillaceous, contain quartzose 
layers and mica, talc and fissile limestone. 

The ores occur principally along the upper and lower contacts of 
the bottom stratum of schist with the contiguous limestone; they are 
also found in pockets or veins running transverse to the interstratified 
deposits. These are of funnel-shaped cross-sections, penetrating the 
sub-jacent or super-jacent limestones. Crevices also penetrate the 
schists, but contain ore irregularly and only occasionally. 

The ores are principally galena, cerussite, blende and smithsonite, 
with sulphides of copper and iron. The gangue is largely carbonate 
of iron or ocher. The deposits of the upper contact are mostly smith- 
sonite, and are less pure and rich than those lower down, the limestone 
being much corroded from surface action. Along the lower contact, 
galena occurs frequently as a central band in the deposit, separated 
from the calamine on both sides by a variable thickness of ocher ; 
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blende is also found at this horizon. The derivation of the smithson- 
ite here from blende is thought doubtful by Posepny, as necessitating 
the action of surface agents below the limits they probably would have 
reached. 

At Oamoresa, the center of mining here, such a metalliferou&^ 
deposit is developed over an area of more than 2 square miles, with a 
thickness of from 3 to 22 feet. 

The generally accepted explanation of the mode of formation of 
these ores is that of Mr. Huet, that they originated from solutions 
issuing from depths along fissures ; that these solutions were arrested 
by the lower schist and dikes, and spread out along the contacts, 
depositing the metalliferous compounds as incrustations and by sub- 
stitution ; that they also traversed this schist along minute crevices 
without leaving deposits, and formed less pure bodies of ore beyond^ 
along the upper contact. 

Similar deposits are referred to as existing elsewhere in Greece. 
On Mt. Hymettus zinc ores are found in limestone. Argentiferous 
lead ores with copper ores occur in the limestone and mica schist of 
Karysto. Further, there are numerous veins of argentiferous lead 
ores in a number of the Grecian islands ; also in Macedonia and Asia 
Minor. 

FBANOB. 

France, though not among the first of European nations in th& 
production of lead and zinc ores, has during recent years increased 
her output very greatly, so that the annual produ3tioas are now large, 
amounting in 1831 to nearly 30,010 tons of lead ore and to over 
60,000 tons of zinc ore, principally from southern and northwestern 
France. The lead ore, like most of that of Europe, is argentiferous,, 
while the larger part of the zinc ore is smithsonite or calamine. The 
Phoenicians and Gauls are thought to have mined argentiferous lead 
ores in France before the Eoman conquest, and there is no doubt about 
the Romans having pursued mining here ; but actual records of opera- 
tions do not extend back over six hundred years. The principal regions 
of mining are in the Vosges, the plateau of Central France, the 
Pyrenees and the Alps ; in past years important lead mines were ope- 
rated in Brittany. 

Vosges, — The department of Yosges, situated on the eastern border 
of France, adjacent to Alsace, was, in the past, the scene of extensive 
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mining. Operations began here as ear)y as tbe lltb cenlnrj, ] 
the present centar; little or no work has been done. 

One of the most important deposits was that of the St. Marieanx 
mines. Here, what is known aa the Lacrolx loile is as mnch as fiO ft. 
thick, and was worked along its strike in a N.-S. direction for a diS', 
tance of two and a half miles. It is nearly Terticai. Tbe tilling coir 
«ists principally of debris from the gneiss wall rocks. Throuj 
mass the ore rnus either in strings or branches in the form of a stock-* 
werk, or it occurs in one vein as much as 3 fi. thick. The metallifer- 
ona minerals are argentiferous galena and various silver ores. Since 
its discovery in 1315, this deposit has been worked at intervals up to 
the year 1833, when it was abandoned, and has not been reopened 
since. 

In addition to this there are nnmerons other argentiferous lead 
lodes in the Yosges of minor importance, which space will not permit 
ns to describe. 

Tlie Plateau of Central France. — This region, embracing all of south- 
ern France lying between the Pyrenees and the Alps, is the sonrce of 
most of the zinc ore and of a large part of the lead ore now mined. 

In the department of Gard the oalpnt of zinc ore is particnlarly 
large, amounting to over 26,000 tons in 1891. At the mines of Les 
Malincs two classes of deposits are recognized. The first, from which 
most of the zinc ore is obtained, occur In dolomites of Middle Juras- 
sic age, in and along crevices, in caves or in large masses, which fre- 
quently enclose partially unaltered masses of the rock. The ores 
consist of ralamine, smithsonite, blende, hydrozincite, galena, anglesile 
and pyromorphite. The second class of deposits consists of a large 
vein traversing primitive limestone in an B.-W. direction, with a south- 
Ward dip. This is thought to be probably the channel up which the 
ore solutions originally flowed. Along the ootcrop it has been opened 
for 1500 fl. It consists of an aggregate of narrow, parallel and inter- 
lacing tissures, enclosing galena, bleni]e and pyrlte in a gangue of 
bariie. 

At Clairac, near Alais, a series of well-deiined veins marking a 
sharp fanit occur, traversing Lower Jurassic limestone in a direction 
N. 45" W. They are filled with blende and other zinc ores, and con- 
tain galena in pockets. In thickness Ihey vary from 6 ins. to 3 fl. All 
of tbe Alais group of veins are lean and carry barite. 
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The Eonssan group includes irregular bodies of mineralized Juras- 
sic limestone, which become impoverished with depth. 

At Les Avinieres '^ calamine '' impregnates a bed of dolomite which 
lies between an overlying stratum of marl and an underlying bed of 
barren, siliceous dolomite. In evidence of replacement, blocks of un- 
altered dolomite are found in the mass of the ore. The richest part of 
the deposit is in the central portion of the dolomite, near a series of 
fissures running nearly N.-S. In the east the dolomite is cut off by a 
fault. The deposit has been worked about twenty years, and is now 
nearly exhausted. Other similar deposits occur at different horizons 
in this district of the department, and some of them contain blende. 
In the department of Drome, zinc ores are mined near Merglon, in the 
Piemart mountains. Pockets of smithsonite which give out with depth 
are found here in Middle Jurassic limestone. Ores occur also in a 
large, nearly vertical vein, which is as much as 30 ft. thick between 
solid walls. It is filled largely with calcite, replaced by smithsonite in 
places ; blende and galena are found . only occasionally. 

In the adjoining department of Ardeche are also producing veins 
of blende and galena. 

In the department of Lozere, near Violas, are deposits which, from 
evidences yet remaining, were worked at a very early date. Eecent 
developments reach, however, not much over a hundred years back. 
Nine systems of metalliferous veins are recognized, occurring mostly 
in mica schists. Tbe oldest of these contain pockets of argentiferous 
galena in barite gangne ; another system is filled largely with detrital 
materials, surrounded by calcite and barite containing highly argenti- 
ferous galena. Other systems have a quartzose gangue and are nearly 
barren. The richness of these veins is found to diminish with depth. 
Their annual yield at present does not amount to over a few hundred 
tons. 

In Puy de-Dome, at Pontgibaud, is what has been one of the most 
important deposits of argentiferous lead ore in France. Great fissures 
occur here, which are connected with flexing and the ejection of gran- 
ulite in Carboniferous times. The ores occur in lodes in gneiss and 
granite. These range up to 55 ft. in thickness. They are filled with 
masses of the country rocks surrounded by a breccia of smaller frag- 
ments and clay. Through'this gangue run veins of quartz containing 
galena, a little blende, barite and rarely calcite. The ores are confined 
a— 7 
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to cbimnej'B or zones f^om ]50to 4.'iO ft. loiig,BU(l extendiDg incolnrnD- 
like forms to deplbe. The prodaclive vein tilliog averages from 5% to 
6% of lead. The production of lead ore iu 1891 amonnted to 2G00 
tons. 

Id the Forez inountaius veins occnr iu gneiss and granite. The 
most important contain pockets or chimneys filled with argentiferona 
galena, blend and pyrite id a gangne of ijnariz and barite. 

In Haute Loire, near Aurouse, mica achiste are traversed by veins 
of argentiferous galena. These contain large quantities of barite oear 
the surface, but are qnartzose at depths, and most of the galena is 
aesoeiated witb the quartz. Fluorspar becomes prominent also in the 
deeper portions, and coulaius no ore. 

Id Correze deposirs near Chabrignac include: 1. Veins running 
N.-8., traversing crystalline schists, Coal Measure, Permian and Triassic 
grits, and containing barite and pyrite with pockets of galena, only 
one of which veins is workable; 2. other veins, very irregular and 
thin, carrying galena, pjrite, barite and a little calcite and quartz; 3. 
impregnations of Permian grits, very much diffused. 

In Avalon in Morvan, galena, together with carbonate of copper, 
barite and qnartx, are found impregnating Triassic and Jurassic strata. 
Fnchs and DeLannay speak of such occurrences as common Id the 
Central platean. 

Id Aveyrou, near VillefraDche and Najac, lodes occur in mica 
schist, running B E.-N W. and extending into granites and into Triaa- 
sic rocks. They are connected with eruptions of porphyry. They are 
filled with saccharoidal quartz, barite and jasper, containing argentif- 
eroue galena and copper and iroD pyrites. Much of the galena is dis- 
seminated in the saccharoidal tiuartz. 

Similar veins, though containing more barite, occur near Aspri- 
eree. 

At Corbieres, irregular lodes of barite, with copper and lead ores, 
occur in Cambrian clay slates and gneisses, with intercalated beds of 
granniar limestone, all traversed by eruptive granites and porphyries. 

^ear Milhau, lodes are fotind in Lower Triassic beds, consisting of 
quartz containing granular galena, often disseminated, with, rarely, a 
Utile barite. 

The Pyreneei. — Id almost all of the departments of the Pyrenees 
lead or zinc ores are or have been worked. In 1891 they produced 
over 5000 tons of zinc ore and nearly 700 tons of ageiitiferoua galena. 
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Iq Ariege, the Sentein is one of the most important lead mines in 
the mountains. The ore occurs in a lode along the contact between 
Lower Carboniferoas limestone, as the foot-wall, and schist as a hang- 
ing wall. The trend is N. 10^ E. The contents of the lode are quartz 
and calcite, containing argentiferous galena, cerussite, anglesite, blende 
and calamine. Near St. Girons are veins which were worked during 
the Eoman period, and to a small extent recently. They are separated 
into four systems, two of which have an easterly course, and contain 
argentiferous galena, with blende, calcite, spathic iron and sometimes 
quartz. 

In Haute Garonne, near Arguts, numerous but thin metalliferous 
veins are found, traversing Silurian slates and schists, containing prin- 
cipally blende, with some galena. 

In Haute and Basses Pyrenees are also deposits which yielded 
some 3000 tons of zinc ore in 1891. 

In Savoy, in the Alps, argentiferous galena is found in bedded 
veins. The deposits were exploited early in the century. 

In Var, the extreme southeastern department of France, some 
23,000 tons of roasted calamine were produced in 1891, according to 
Fucbs and DeLaunay. The principal mine is the Bormettes, opened 
about 10 years ago ; no descriptions of the deposits have been acces- 
sible to the writer. 

In the island of Corsica veins of argentiferous galena in granite 
are found. 

Brittany. — The deposits of Brittany were in past centuries among 
the most important producers of argentiferous lead ore in France, and 
though the same deposits do not now continue to yield ore, others, 
newly developed, continue to maintain the prominence of the region. 

In the department of Ille-et-Yilaine, the Pontpean deposit is the 
most important. It consists of a strong vein, running N. 20° W. in 
Silurian schists, composed of quartz and clay, containing a series of 
veins or veinlets of galena and blende, both argentiferous, with pyrite 
and compounds of silver. These minerals are of uneven distribution 
and are intimately mixed with the matrix ; frequent horses of country 
rock occur. The thickness of the vein varies from an inch to 25 ft. ; 
7 ft is perhaps a fair average. The deposit is apparently connected 
with a diorite dike which cuts through the schists and flanks the vein. 
It seems to have caused a reopening of the fissrre and a subsequent 
deposition of the ore. The silver contents diminishes with depth. 
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The production in late years has been aboat 7000 tons of argentiferous 
galena and 2000 tons of zinc ore. 

At La Tanohe is a vein in granite containing both galena and 
blende- 

In the department of Finisterre are the once very important depos- 
its of Hnelgoat and Ponllaouen. They were worlted continuonsly dnr- 
iog the reign of Louis XIII and from that lime to 1868, when they 
were abandoned. The ores occur in veins cut Ling granites, and Devon- 
ian and Oarboniferous schists. The productive veins ran S.-S., the 
unproductive E.-\V. At Huelgoat the principal vein was exploited 
for a length of 3100 ft., and to a depth of over 900 ft. It traverses all 
of the country roclis nearly at right angles. The thickness varies 
from 2 ft. to as much as 75 ft., though 12 ft. is about an average. The 
gangue is quarlzoee. The metalliferous minerals are argentiferons 
galena, blende, pyrite, and, near the surface, oxidized lead ores witli 
chlorides, iodides and bromides of silver and some native silver. At 
Ponllaouen, the main lode was opened lengthwiae for a distance of 
4500 ft. and to a depth of 600 ft. It varied in thickness from a few 
inches to loO ft., though, on an average, it was about 6 ft., but the 
limits are not well defined. The course is N\y.'SE., and the dip is 
45° NE. The country rocts strike ENE. and dip aboat 45" S.; they 
consist of clay slates, quartzites and greenstones. Tlie ores are prin- 
cipally galena and blende, with pyrite in a qaartzose gangue, which 
extend in a network of veins through the rock. These minerals are 
restricted to courses or zones. 



ITALY. 

Italy, as already remarked, is an important producer of zinc ores, 
and the yield of argentiferous lead ore is also large. The great bulk 
of the ore comes, however, from the island of Sardinia. Mining was 
in progress here during the Roman period, and even before this by the 
Carthaginians and Phcunicians. During the past thirty years the annaal 
prodnotion of lead ore has averaged nearly 30,000 tons, and in 1 890 it 
was 35,800 tons. The zinc ore produced in 1890 amounted to 1:17,000 
tone. 

Sardinia. — The importance of Sardinia as a mining center may be 
judged of from the fact that of the total production of Italy in 1890, 
35,200 tons of llie argentiferoas galena and 110,400 tons of the zino 
ore came from that island. Of this, fully nine-tenths came from the 
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inines about Iglesias, in the sothwestern corner. Near Sarrabns, in 
the southeast, small qaantities of silver lead ores are also obtained, 
and near Marra, in the northwest, also. 

Iglesias is thus the great lead and zinc-prodacing center of Italy. 
The mines sarronnd that place to the south and west and extend some 
:fiifteen miles north of it. Oeologically, the country is composed of a 
great central mass of granite, surrounded by Silurian schists and gray- 
wackes, Cambrian grits, quartzites and schists and a '^ Metalliferous " 
limestone or dolomite of probable Silurian age. Deppsits of galena, 
blende, smithsonite and carbonate occur in all of these formations. 
They are found principally along the contacts between limestones and 
schists. They occur in crevices or along the contacts between two dif- 
ferent limestones or in one stratum of limestone. The different ores 
are often intimately associated, and are closely related in origin. The 
percentage of silver is found to increase with the irregularity of the 
lode and to decrease with depth, while the percentage of blende 
increases. The large deposits of carbonate and silicate of zinc are 
found near the surface. 

At Montevecchio is the largest lead mine, and one of the most im- 
portant in Europe. It was worked by the Komans. It is the north- 
most of the group. Several lodes occur here which cross the Silurian 
schists with a dip of 65° N. The principal one is, at times, as much 
as 180 ft. thick, and the quartzose gangue forms a great wall-like ledge 
at the outcrop. Veins of galena occur along the foot and hanging 
walls, and also in lenses in the interior of the gangue ; iron and copper 
pyrites and barite are found ; the proportion of blende increases with 
depth. 

The San Oiovanni mines, two miles southwest of Iglesias, were 
worked in the I4th century. The ores occur in lodes, principally along 
contacts between limestones, in nearly vertical positions. The lodes 
are very irregular, they are filled with a gangue of quartz, limestone, 
clay and barite, which contain argentiferous galena and some blende 
in columnar masses or zones. 

The Malagalzetta deposits, a few miles north of Iglesias, consist 
of lodes in the Metalliferous limestone containing lenses of galena, and 
also of zinc ores in shallow pockets near the surface. 

The Monteponi mines, about a mile southwest of Iglesias, are 
the oldest, and were worked successively by the Carthaginians, Romans 
and Spaniards. They have attained greatest importance since 1840. 
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The lead ores occur in wbat are termed colamnB, vbicfa follow the 
steeply dipping; limestone strata downward, being somewbat flatteoed 
or eularged in the plane of stratification. Tbe filling is principally 
galena and a little calamine, with nodular pyrile, in a gangne of clay 
and caleite; calamine also extends into the limestone walls in veinlets. 
Tbe principal zinc deposits, conslsung of both smitfasonite and cala- 
mine, occur further north at another horizon; these ores are found 
along the stratification, in crevices and in masses of breccia, exhibiting 
good evidence of having replaced the limestone. Tbe deposits taper 
oat with depth. The ore contains only about 33"i. of zinc, and carries 
much iron oxide ; some ceruEisite is also found. 

At Nebida, five miles west, are great columns or chimneys of cala- 
mine in limestone as much as 60 ft. in diameter, and extending to 
depths of 600 ft., as if tilling caverns. Veins of galena and calamine 
are also worked, and the wall rocks are much mineralized and replaced 
by the zinc ores. 

The Malfldano mines, about eight miles northwest, are also import- 
ant. " Calamine " is found interstralified with the limestone, aud some- 
limes in alternating layers. At Caitas the ores follow and have replaced 
tbe bedded limestone; they are traversed by a great fissure, 100 ff, 
across, filled with a breccia of limestone and clay. Tbe " calamine " 
occurs on either side, in cone-like or columnar lodes; at depths, blende 
and some galeuaare found. 

At Sarrabus, in soutbeastera Sardinia, aie important silver-lead 
ore deposits, which, thongh first worked in 1(122, were not really devel- 
oped until 1870. The country rock consists of Silorlau schists meta- 
morphosed by granite, which have been ilistnrbed at various times 
since tbe post-Silurian. Tbe ores occur in interstra titled lodes, which 
range up to G ft. in thickness. Tbe filling is irregular and contains ba- 
rite, caleite, galena, a little blende, other silver ores and native silver. 
The ores are concentrated in zones, which are as mnch as 1300 ft. 
long. 

Piedmont. — In the Piedmontese Alps the Pesey and Macot mines 
were worked for many years and prodnced both lead and silver. At 
the Tenda mine, in the Turin district, granular galena occurs associated 
with blende and pyrite. 

Lnmharil!/ — In the Milan district lead ores occur in veins in cryg- 
talline schists, and also in massive deposits and pockets in Triassic do- 
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lomite. At Argeptiera, near AaroDgo, zinc ores are found in irregular 
deposits in Lower Triassic slates and dolomitic limestones. 

Tuscany. — In the Aupanian Alps, east of Carrara, are lodes of ar- 
gentiferous galena. At Bottino, the site of old Etruscan and Roman 
works, are deposits of argentiferous galena, with antimony compounds 
in quartzose lodes, traversing Paleozoic schists. Some calcite and side- 
rite, together with blende and pyrite, occur in this lode. The ores are 
confined to veins and zones in the lodes. 

In Sicily are ancient lead mines, which were reopened in 1747, but 
are now abandoned. 

RUSSIA. 

The lead and zinc ores of Russia have been derived almost entirely 
from Poland and Siberia, and from a few mines in the Ural and Cau- 
casus mountains. Recently, deposits on the Mourman Coast of the 
Government of Archangel have been developed. In South Russia, 
argentiferous lead deposits of the government of Ekaterinoslav and in 
the Donetz basin will probably soon be exploited [9o, vol. it, p. 414]. 
Evidences of very early mining ( 150 B. C. ) are found in Siberia, but 
the deposits were not made known generally till the end of the 17th 
century. In Poland, large amounts of lead were produced in the 16th 
century. In 1882 the production of zinc ore in Russia amounted to 
over 100,000 tons; but during recent years it has Junk to about 60,000 
of low-grade carbonate and silicate. The production of lead ores dur- 
ing the past ten years has varied from 32,000 to 42,000 tons annually. 

Poland. — The Poland deposits are extensions of those of Upper 
Silesia of Prussia, already described. They have been so far but little 
developed. The principal mining is near Olkusz and Boleslaw, where 
large amounts of lead were produced in the 16th and 17tL centuries. 
Operations are confined to one dolomite mass, about which innumer- 
able pits 45 to 75 ft. deep have been sunk. The ^'calamine'' is massive 
and occurs in a breccia composed of nodules and masses of dolomite 
surrounded by the ore. Blende and galena occur along a network of 
fissures. 

Near Kielce and Checiny, lead and copper ores occur in lodes in 
Devonian quartzites. They were worked in the 15th century. 

Siberia. — In the [province of Irkoutsk, at Nertschinsk, arejdepos- 
its of argentiferous galena with tellarides of silver and lead, in lime- ' 
stones and schists. The ores occur in stockwerks and also in the form 
of lenses in limestones. 
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In the western estension of the Altai monDtains, in Tomsk, are ) 
Bamber of lodea carrying argentiferous galena. The most ancient and 
celebrated of these is near Kolivau. The lodes here contain ores t 
silver, lead, zinc, gold and copper. They occur generally in SilnrianJ 
Devonian and Carboniferous rocks, and rarely in crystalline schieta. ■ 
They cut across and are also interbedded with the strata, are of irrega- 
lar shapes and pass into deposits of niaesive form. They are filled 
with barite and quartz, containing sulphides of the metals, which are 
oxidized to considerable depths beneath the surface. The thickness 
of the lodes varies from ti to 300 ft., and the ores are diffused lhrt)agh 
the gangne. The rocks are traversed by eruptives which are thought 
to have some relation to the ore bodies. 

In the Donetz basin of South Bassia, a large number of promis- 
ing veins have recently been found. The ores are sulphides. 

Caucaava In Osselie, north of the mountain range, lodes arsi 

known, composed of a gangne of quartz, barile and limestone, con- 
taining galena, blende, copper and iron pyrile and their oxidatiOD pro- 
ducts. In the Caucasus mountains argentiferous galena and some 
zinc are associated with copper-bearing lodes. 

On the npper waters of the Kouban the discovery of large depos- 
its of lead and silver ores has been announced during recent years* 
Up to 1891!, 44 veins had been discovered. Of these, 11 have beei 
examined, and showed average lead contents of 48%'. Many are largi 
BOd favorably located for work. 



Banking far ahead of all other Enropeau countries in the produo* 
tion of lead ores, and standing third duiiug recent years in the ontpan 
of zinc ores, Spain deserves extended notice. The lead ores are f 
more or less argentiferous; the zinc ores are principally smithsomta'' 
and calamine. 

Lead mining in Spain is undoubtedly of great antiquity. At the time 
of the Phoenician settlement of Cadiz in IIUO B. C, trade in lead and 
other metals was established. After this, niiuing was conducted under 
the Carthaginians, Bomansand Moors. Pliny, in the 1st century A. D., 
describes the mines minutely. After the expnUion of the Moors, mia-J 
ing fell into decay. In the IGlh century it was resumed, and has cott- 
tinued up to the present time, the greatest impetus being given in IS 
through the decree of Ferdinand opening the mining country to thd 



«uterpriae of foreiguere. Since that time the prodaction of lead ore has 
beeo ver; large, and, dariDg recent years, it bae been simply enormons. Id 
1889, the oatpat was 000,000 tons, and, ia 1891, 520,000 tons, and, daring the 
preceding twelve years, it had averaged over 500,000 tons. Zinc ores are, 
of coarse, of qnite recent development; those of Santander, which now 
fnrnish the great bnlk, were discovered in 1852. The ontpnt in 1890 was 
over 80,000 tone, and, daring the preceding ten years, it averaged aboat 
60,000 tons. 

The principal lead ore deposits are at Linares, in the province of Jaen, 
at Cartagena and vicinity in Marcia, Sierra Almagrera, in Almeria, Sierra 
Oada, Horcajo and others in Cindad Beal. Zinc ores come principally from 
Santaoder. tboagh the Oartagenian and other mines in Mnrcia produce large 
-qaantities. 

Tbe following table, obtained from volume II of the Mineral Industry, 
gives the prodaction by provinces : 
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• Reported by Setlor Don Roman OrtoL 

Ziinare$. — Tbe Linares mines (with tbe possible exception of the Brotten 
Hill mine in New South Wales) rank at present the first in the world as lead 
prodacers. They are situated in the province of Jaen, in northern Anda* 
iDsia. They were worked as early as the time of the Phcenicians. In 1867 
the prodaction of lead ore amounted to 44,000 tons; rose to 132,000 in 
1881, and was 128,000 in 1892. The ores are worked npon a very large 
nnmber of small concessions, and the methods are pronounced crude and 
short-sighted. Nearly 800 mines are worked, employing 7000 individuals. 
The area mined is about 14 by 12 miles square. 

Tbe country rocks consist of a nucleus of granite, surrounded by Cam- 
brian and Silnrian schists and quartzlte. These are all traversed by a great 
number of regular and persistent lodes. They are overlain by Triassic and 
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Miocene, rocks iuto which the lodes do not penetrate. The lodes are 
generally nearly vertical, and ores occar in them in zones or columns, 
which increase and diminish in richness with depth. 

Two principal gronps of mines are distingnisbable, those about 
Linares and those aboat Carolina. The lodes of the former are prin- 
cipally NE.-SW., and are always in the granite and extend into the 
Oambrian schists. The ^lena occurs in a compact form in a qaartz 
gangne. Associated with this are cernssite, barite, calcite, clay, and 
little blende. The mean thickciess of the lodes is 2.^ ft., thongh they 
expand to 6 ft. They have been traced individually six miles. Fanlls 
are quite namerons, throwing the lodes. 

The Carolina lodes are principally in an E,-\V. position, and have 
not sncb steep dips. They are more prevalent in the schists. They 
are thickerjand more regular, and have more barite as an accessory min- 
eral. The copper ores associated with the lead ores are fonnd to give 
out with depth. The ore in the granites are most abundant in the 
soft and more granular rocks. 

Cartagena. — In 1888 the mines of the province of Mnrcia yielded 
155,000 tons of lead ore and 8000 tons of zinc ore. The country rocks 
about Cartagena are Permian limestones at the higher levels, wilh 
schists below. The ores occur in veins, in pockets, in large masses 
and in interstratifled beds. The stratified deposits consist of impreg- 
nated schists and replaced beds of limestone. In the schists, lenses 
of blende occnr. Overlying the schists, in places, isa peculiar deposit, 
as much as 30 ft. thick, of silicate of iron with galena ditfnsed throogh 
it. At the base of the limestoDe is found a bed of oxides of iron and 
manganese, overlying a deposit of argentiferous cerussile. In the lime- 
stone galena and other ores are fonnd along crevices and iu masses, 
associated with smithsonite and siderite. Large masses, known as 
crestones, formerly furnished enormous quantities of ore; they usually 
extended to the surface and were composed largely of siderite, con- 
taining galena iu nodules and grains- 

At Almazzaron and Aguilaa are Silnrian argillaceons schists and 
metamorphosed limestones, peoetrated by trachytes and basalts. The 
trachytes are traversed by numerous lodes, some as mnoh as 6 ft. thick, 
Qlled with decomposed trachyte, pyiite and argentiferous galena. The 
mines of these two groups and others of the vicinity produced, in 1892, 
98,000 tons of lead ore. 



SPAIN. 91 

Sierra Almagrera in Alrmria, — In the extreme northeastern cor- 
ner of Almeria are a nnmber of lodes yielding lead ores, which were 
discovered in 1839. The principal of these is the Jaroe^o lode. This 
traverses mica schists and clay slates in a K-S. course, and with a dip 
of 60° E. It is worked 2100 ft. along the strike. The greatest thick- 
ness was about 20 fc, at a depth of 110 ft. The gangne is principally 
cernssite, containing argentiferoau galena ; with these are foand spathic 
iron, barite, celestine, blende, copper pyrite and other minerals. These 
are arranged in bands, often in great number. The combed structure 
is often beautifully developed. The mines of this district yielded about 
32,000 tons of lead ore in 1890. 

Sierra Oado. — The mines of Sierra Gado and Sierra Lujar, in 
southeastern Andalusia, were among the first worked afcer the decree 
of 1825, and in 1827 they produced 47,000 tons of lead ore. Latterly 
they have been little worked. Whitney describes the deposits as 
similar to those of the Mississippi valley, occurring in Lower Silurian 
limestones in lens-shaped massed, like amygdules in a limestone paste. 

Horcajo.— The production of the Horcajo mines, in Oiudad Real, 
has increased greatly in late years. The annual production is now 
nearly 80,000 tons of highly argentiferous lead ore. The ores occur 
in lodes in Lower Silurian schists and quartzites, running N. 15° E. 
Two principal lodes have been so far exploited, one of them for some 
3700 ft. in length and 700 ft. in depth. They vary in thickness from 1 
to 2i ft. The gangue is principally quartz, sometimes with calcite. 
The galena occurs in veinlets iV in. to 4 ins. thick. 

At La Romana and Almagro, in the same province, and at Gastuera 
and Pesarroya, in Badajos province, similar lodes in similar rocks were 
worked. Recently lead deposits have been opened in the provinces of 
Huelva and Seville. 

Santander. — The zinc deposits of Santander are found in dolomitic 
limestones of Gretaceous and. Jurassic age, and in Lower Garbonifer- 
ous limestones. The former occur in crevices, segregations and in bed- 
like masses or impregnations. The ores are principally smithsonite, 
though calamine and zinc bloom are also found. They occur in clay 
and also enclosing masses of limestone, which they have evidently 
replaced and which they grade into. Blende is found at depths in 
concretionary forms with barite. Some galena is associated with the 
ores. The deposits are similar to those of Aixla Ghapelle, Weisloch 
and Silesia. The principal deposit of this class is the Reocin ; others 
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are the Mercadel, Udias, Orena aud Florida L^^^]- The Picoa de 
Earopa mines are in diatarbed Carboniferous limestones. The ores 
occur, in the Andosa deposit, in a eeries of parallel veina ronuing 
S E.-N W., within a belt aboat a half mile wide, which has been traced 
over a mile in length. The thickness of these veins varies from a few 
inches to 32 feet. The ore is principally smilhsonile, with 40 to 45'\i 
zinc. In the Aliva deposite, six miles west, the ore is mostly blende. 

BWBDSn. 

Sweden has two interesting deposits which call for notice here, 
i. e., the zinc deposits of Ammeberg and the agentiferons galena tle- 
postls of Bala. During the past leu years the production of zinc ore 
has varied from 60.000 to over 50,000 tona of zinc ore, and from 13,000 
to 18,000 tons of lead ore, derived almost entirely from these two mines. 

Ammeberg. — The Ammeberg mines are about 120 miles a little 
soath of west from Stockholm, at the norlhern end of lake Wetter. 
The country rocks are Laurenliau scbistose gneiBses, flexed and con- 
torted. The ores occur in lenticular, flat bodies, occupying a nearly 
verlical position, and conforming to all of the undulations of the country 
rocks. Their average thickness is about 2.i ft., though they expand to fiO 
ft. in places. They are esploiled to depths of OdO ft., and extend horizon- 
tally hundreds of feet, but are of variable length at different depths. 
The zinc ore is blende, and this appears to have taken the place of the 
mica in the schists, so that the ore-body is often a mixture of blende, 
feldspar aud (jnartz. Sometimes it is entirely blende, however. There 
is almost always a little galena and pyrite present. The ores are con- 
sidered to have been introduced after the flexing of the country rocks 
and to have filled the resultant opeuinga. In addition to the zinc ores, 
several hundred to a thousand tons of highly argentiferous lead ore 
have been produced annually. 

Zinc ores are mined also elsewhere, in the provinces of Orebro 
and Kopparberg. 

Sata. — The lead deposits of Sala were worked in the 6th century. 
They are situated about 60 miles northwest of Stockholm. The depos- 
its consist of irregular masses of argentiferous galena intercalated 
between the beds of a large, lens-shaped mass of Primitive maguesian 
limestone. The limestone is traversed by trap dikes, and also by fault 
Assures known as ulitelars, which are filled with a breccia cemented by 
calcite and talc, and containing galena, blende, pyrile, quartz and other 
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minerals. These fissares are as mach as 60 ft. wide at the surface, but 
soon contract downward to a breadth of only a few feet. The outlines 
of the contained ore bodies are ill defined ; they vary in thickness from 
a few inches to several yards. The adjacent rock is brecciated, and 
the ore is frequently dissemiqated through it or extends in along joints 
and crevices for several fathoms. The ores seem to follow the princi- 
pal skcdlars and to have some connection with them. The ore bodies 
have been variously regarded as beds, veins, and as impregnations by 
solutions derived from the fault fissures. Fuchs & DeLaunay favor 
the last interpretation. That they were formed after the intrusion of 
the dikes is plain. 

OTHER EUROPEAN COUNTRIES. 

Outside of the countries thus far considered, other deposits of 
lead and zinc ores occur at several points in Europe. None of these 
are, however, commercially important. Thus, in Portugal, especially 
in the southwestern part, are deposits of argentiferous lead ores which 
have been more or less worked. Tue principal of these is near Mer- 
tola ; galena, cerussite and anglesite are found here, all carrying silver. 
No workable deposits of zinc ore occur, though highly argentiferous 
blende has been mined. In Norway a few tons of lead and zinc ores 
have been produced during different years. 
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THE LEAD AND ZINC DEPOSITS OF AFRICA, 

So mach of Afrioa is comparatirely unexplored that the extent 
and distribation, or even the presence, of lead and zinc ores cannot 
be ontliued. In South Africa lead ores are reported to occur in con- 
siderable quanlitieB, althoagh litile jmlued [ i'l", p (V,i\. Lead minea 
were exploited in the desert near Ihe Red sea in the time of the ancient 
EgyptiauB. The best known deposits at present are those of Algeria 
and Tunis in the extreme north. How long they have been worked 
we are unable to aay. The fact that lead was known to the ancient 
Egyptians leutla color to the belief that these deposits may have been 
opened at a very early date. That those of Tunis were worked by 
the Romans is definitely known. 

Algeria, — ^The deposits of Sakamody, Qaerronma and R'arbon are 
in the norihern part of the province, about the Little Atlas monntains. 
They occur in a system of fissures in Cretaceous marls, schists and 
limestones, all more or less argillaceons. These are filled with blende 
and galena, "calamine" beiog in the place of blende near the surface. 
The gangue is often a limestone associated witb barite andsiderite. At 
Sakamody a schist breccia is found, with blende in the matrix between 
the fragments. The productiou of this mine is about 11,000 tons of 
zinc ore per year. At other points in the same district similar deposits 
have been worked to a limited extent. 

In the deparlment of Coustautine, in the northeastern comer of 
Algeria, are the /.inc mines Hammam N'bails and Ain Arko, of the 
Vieille Montagne company, which yield several thousand tons of ore 
annnally. Itear La Calle are the Kef-oum-Theboul lead mines, which 
yielded over 12,000 tons of argentiferous galena in 1876, as well as 
copper ore and blende. The mines of Gape Cavallo yield similar ores. 

In the department of Oran the Gar-Rouban mine produces small 
qaantilies of argentiferous galeua, and IheOned Moziz mine yields both 
lead and zinc ores. 

Tuni'g.— A few miles west of the city of Tunis are deposits of ar- 
gentiferous lead ore, which were worked by the Romans. They are in 
the Djebel Reeas mountains and are known by that name. The country 
rocks consist of compact, non-fossiliferons, Lower Eocene limestone, 
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overlying nnconformably argillaceoas marls, mica schists and qnartz- 
ites. The ores occur in lodes running about N. 5° W. The principal 
one is several feet thick. The metalliferous minerals are irregularly 
distributed in a gangue of crystalline limestone and breccia; this min- 
eralized portion being only about 15 or 18 ins. thick. The minerals are 
galena, ceruseite, blende and '^ calamine, " all non-argentiferous. 
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THE LEAD AND ZINC DEPOSITS OF ASIA. 

Silver-lead ores were mined by the aociente in Armenia, Cbaldea, 
China, India, Persia and Syria. During recent timee Buch have been 
worked in Asia Minor, India, China and Japan. Unforlnnately, little 
information as to the dietnbation or conditions of occurrence is avail- 
able. Zinc ore was aaed at a very early date in the mannfactare of 
brass and other alloys. The metal zinc was Urst mannfactnred here 
and thence imported into Earope, II appears to have come from Ohina, 
Bengal, Malacca and the Malabar coast. Deposits of zinc ore occnrin 
India, bat both zinc and zinc ores were imported from China. 

In Assyria the moan tains are said toaboand in ores of iron, copper 
and of lead and silver. In Cyprus lead mines were worked by the 
Phoenicians. Ancient mining was conducted in Bncharia and Adel- 
liyan. The Chalybeans worked deep silver mines in Bactriana. Lead 
ores are found in Arabia, in the Burmese empire [ !77]. 

Turkey in A»ia [ 14.',, vol. w, p. '2li |.— The low moantaiu district 
through which the Kizil Irmak winds, between lekelib and Marsivan 
is known to be rich in veins of argentiferous galena, but only one small 
mine of it is worked, at Qumush-Maden, near Osmanjik. Nearly due 
south of this the Bulgar-dagh mine, in the Taurus, near Adana, were 
discovered and profltably worked during Egyptian occupation, but 
with the expulsion of Ibrahim Pasba the industry ceased. The Kebben- 
Maden mines, though rich and estensive, produced less than a ton of 
refined metal a year. Similarly the great deposits at Gnmush Kbaneti, 
near Trebizoud, one the most productive of all the silver mines in Asia, 
are now almost forsaken. The annna.1 prodact seldom exceeds 100 lbs. 
Other beds of this mixed ore exist at Alaidiu and Bereketli, both near 
Kornieh, at Guebon and Piridjman, near Diarbekei, and in the islands 
in great abundance, in Imbros. Argentiferous galena has also beeu 
plentifully found at Akdagh-Maden, in the district of Tocat, but, though 
the veins crop up in the very midst of forests, and labor is both abund- 
ant and cheap, not ati ounce of ore is extracted. It is also found on 
the slopes of Ishikdagh, in the pashalic of Angora, and at Dessek- 
Maden, within ten miles of the navigable Kizil Irmak. 

Zndia. ^The lead ores of India are all argentiferous. They occur 
in beds, pockets or segregations, seldom in true veins. Many of these 
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deposits were formerly worked on a small scale by the Datives, and 
they do not offer promise of ever warranting large operations. 

In the presidency of Madras lead mining has been prosecuted at 
six localities. The Jangramrazpilly mines were among the most prom- 
inent. They are now old and deserted. The ores were mined from 
pits snnk between beds of dark-gray siliceous limestone, traversed by 
seams or strings of bluish quartz. These seams of quartz fill fissures 
running NNE. and' dipping 60° W. Through the quartz granula galena 
is disseminated. The lead contains about 12 ounces of silver per ton. 
These mines were early wrought by the Hindu kings of Bijanagar. 

In Bengal lead ore deposits are described in four districts. In the 
provinces of Ohutia Nagpur such occur in rocks of the metamorphic 
series. At Dhadka galena is found containing 60 to 80 ounces of 
silver to the ton, in lenticular masses with hematite and quartz, in 
lodes traversing mica schists and gneiss. 

In the Central provinces seven localities are noted, the deposits 
of most of these being in metamorphic rocks ; at two the galena is 
found in limestone. Near Jhunan a true vein or lode, 16 to 19 inches 
thick, traverses granite ; it is made up of a quartz gangue through 
which argentiferous galena is sparsely disseminated. 

In Bajputana lead mines occur in four districts. Near Ajmir the 
ore is in a number of parallel veins, traversing sub-metamorphic 
quartzites. 

In Bombay, argentiferous galena is found at three localities. In 
Beloochistan there were ancient lead mines, and the remains of large 
works are now found there. In the Punjab Himalayas lead ores occur 
and have been worked a little; they are found in veins traversing 
slates and limestones. Near Swinji is a lode two feet thick, carrying 
galena, blende and pyrite, in a quartz gangue. In British Burmah lead 
ores occur, and in Native Burmah are large quantities. In Tenasserum 
are lead ores, in Lower Carboniferous limestones. 

The principal zinc deposit of India is at Jawar or Zawar, in Ude- 
per, state of Bajputana. It was described by Col. Tod as a tin mine, 
and he gives the annual revenue as over $100,000. The ore consists 
of smithsonite and argentiferous galena in Transition quartzites. It 
occurs in veins three to four inches thick, sometimes expanding to 
bunches. The zinc was distilled at the mines. 

G— 8 
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There ia reason to believe that the mines of eontbern lodia, in the 
Karmel district, may have produced zinc. Abdal Fazl, author of Ain- 
i-Akbari, refers to brass as obtained in rivers of the Siibah and Lahore. 
China. — In China argentiferous lead ores are found in many pro- 
vinces, but few are worked. At Tanichowaiid near Honkongare as* 
Id Corea )ead is fonnd in conaiderable qaantilies. 

The Tnng-Cbi-Lunglead and zinc deposit is abont 250 miles l4S,p, 
west of Shanghai. It eousists of a Qssnre vein traversing bine gn^ 
slate. Its course is nearly E.-\V.,and it is nearly vertical. From shal- 
low shafts, blende, galena and copper and iron pyrites were obtaiued. 

The Je-Hol silver-lead district has recently been reopened [jj, 
p. J*7]. It was formerly worked by the Chinese. Ilia siCaated some- 
thing over a hundred miles northeast of Pekin. The country rocks 
consisted of limestone and of gneisses, granites, mica schists, slates, 
etc. The limestones are metamorphosed in places and eometimes have 
a slaty cleavage. The main vein is entirely iu the limestone. It etrikes 
E.-W. and dips 5t)° to 75° N. Between distances of 500 and 16.000 ft. 
north of the main vain, are a nuuiber of veins ioterbedded with the 
limestone, dipping from 10° to 15°. They appear to be leaders from 
the main vein. The latter is 3 ft. wide at the 100 ft. level ; 18 ins. at the 
200 ft. level and pinches onl at the east end. The pay-streak varies 
in thickness from A in to 2 ins., and ia irregular in position. It con- 
aiats of blende and argentiferous galena. 

The Ku-Shan-Tza mines, seven miles east of the last, are in hard 
gray limestone bounded on the east and south by schists. The vein 
cuts through the limestone in an E,-W. direction, dipping 60° to 70" S, 
Its width varies from 2 ft, to 12 ft., averaging 3 or 4 ft. The pay-sti 
consisting principally of galena, ia from 1 in. to 6 ius. thick. 

Japan. — The lead deposits of Japan are neither numerous n< 
tensive. They consist of veins carrying galena, with silver aud 
per ores. Silver was first discovered in 067 A. D. Mining was prose- 
cuted as early as the 8Ih cenluary. In 1874 thirty-five mines produced 
little over 200 tons of lead ore, aud of this, one mine produced about 
one-half. In 1892 the prodnetiou was abont 900 tons. The veins are 
thin and irregular. On an average they are leas than 4 ins. thick, aud 
1 ft. is rare. 

The Daira lead miDe, In Yamamoto Koi, Akita Ken, is the most im- 
portant [14s, p. ;.'77]. Over 360 ancient tunnels can be counted heri 
Ninety-four different veins are recognized within one and a hall Bqi 
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miles. They can nsaally be traced for several handred feet. They are 
in fissures 1 ft. to 2 ft. thick, with an E.-W. trend and a dip of 50° or 
60"^ S. The ore is galena, with blende, copper and iron pyrites and 
other sulphides, and carbonate of manganese. 'It occurs in lens-shaped 
masses about 150 ft. in diameter and 4 ins. to 7 ins. thick. The gangue 
is quartz or decomposed porphyry. The country rock is a dark blue 
argillite, with sandstone beds. It is sharply flexed and dips toward 
either the E. or the W. as much as 45° and 70°. Intruded dikes of 
white porphyry run parallel to the veins. The ore-bearing fissures ex- 
tend into this porphyry. 

The Yurap lead deposits are like those of Daira. They were 
abandoned some twenty years ago. The Toweda lead mines are quite 
small. Lead deposits occur also in Yeichi (?) in Kori-Shiga Ken. The 
Kosaga silver deposits of Akita Ken consist of irregular masses of ar- 
gentiferous blende in white, feldspathic porphyry. The Mukoginza Ani 
mines adjoin the last, and the deposits are similar. 
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THE LEAD AND ZINC DEPOSITS OF OCEANICA. 

Argentiferous lead ores are now mined in lar^e balks in Anstrs 
tbongh before IS83 very little was produced. Small amoanta of zinc 
ore also have been mined, bnt the country cannot be classed as a zinc 
prodncer. In Tasmania argentiferons galena exists at the Pengaiu and 
near Mts. Roland and Clande. In Xew Zealand this and other silver 
ores are sometimes found in the gold reefs of Cororaandel and of the 
Thames. Outside of this, no occurrences of lead or zinc ores i 
known to the writer in the islands of Oceanica. 

AUSTRALIA. 

During Ihe year 1889 Australia produced about 23,000 tons of li 
and exported 17,000 tons of lead ore. In 1S91 the production 
nearly 160,000 tons of ore, carrying about 24,000 tons of lead. Tl 
comes almost entirely from the Broken Hill mines. 

Netc South Wales. — The amount of silver mined in this provii 
up to 1892 was very small. In that year extensive discos 
made. The Broken Hill mines are at present the largest producers 
lead ores in the world. They are situated in the Barrier range. Thi 
deposits were discovered in 1883, and the production, which, in 1886, 
had already reached 11,500 tons, rose by 1890 to 222,000 tons of ore, 
averaging Iti per cent of lead and containing large amonuts of silver. 
From January, 1855, to June, 1893, the company produced 183,314 tons 
of lead [ -fv, p. S'> \. The coontry rocks are Primitive gneisses and mica 
schists, with inttusire dikes. These are traversed by a great metalli- 
ferous lode, which splits into two or three parts near the surface. The 
course is ^E.-SW,, parallel to the strike of the schists. It has a prtK 
miuent cap of iron ore at the surface, which passes deeper down 
a gaugue of ferruginous quartz, with barite and oxidized prodacta 
lead, copper and silver ores. At depths, the sulphides are encootl' 
tered. The ore body crops out in large masses, somewhat lens-shaped. 
The thickness is often as much as 100 ft., though to the limits depths 
worked of 300 ft., the average is about 60 ft. 

Other mines of Ihe same district are Silverton and Tbackarinja. 
At Boorook, in the New England district, and at 8anny Corner, near 
Bathurst, discoveries of ore have also been made. 
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In 1881 New South Wales exported 191 toDB-silver lead ore. 

In 1891 " *» 92,283 *' ** 

Total for decade 269,472 

Victoria. — In this province argentiferons galena is known to occur 
at Sandhnrst, St. Arnand and other localities, but nowhere in large 
quantities. 

Queensland, — In the Kangaroo hills are a number of silver deposits 
containing both galena and blende, which may become sources of lead 
supply. 

South Australia. — Mines yielding both argentiferous galenas and 
zinc ores have been worked here, near Gape Jervis and at other points. 
The production has, however, not been very large. Between the years 
1856 and 1881 there were produced and exported in ore about 7000 tons 
of lend, valued at $700,000. Between 1878 and 1881, 140 tons of zinc 
were exported. 

Western Australia. — In the Champion Bay district, both lead and 
copper ores occur in gneisses and granite rocks, which are traversed 
by greenstones and other eruptives. The ores occur probably in lodes, 
but their conditions are obscure, and, though they present good pros- 
pects for the future, the developments have been slight. The princi- 
pal mines worked have been the Huel Fortune, which produced between 
the years 1862 and 1868 over 2700 tons of lead : and the Geraldine, 
which yielded, from November, 1869, to December, 1870, 1820 tons of 
lead. 

Tasmania. — In this country are the Zeehan and Dundas fields, on 
the western coast. The country rocks are Silurian slates. The Dun- 
das field is traversed by several dikes of diorite. The ores occur in 
lodes, and are either fissures or segregated veins; some are along the 
contacts with the dikes. The ores are either galena or carbonates, 
with blende in a few places, in a gangue of siderite. The veins are 
very narrow [8^ p. 575], 
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THE LEAD AND ZINC DEPOSITS OF SOUTH AMERICA. 



In South America, the silver mines of Pern, Chili, Bolivia and Ar- 
gentine republic yield argentiferous lead ores. The amount of lead 
eontaiued is, however, comparatively small and entirely secondary. 
The total production of 1SS9 aggregated only about 6500 tons, and thj 
of 1S90 little more than 5000 tons. 

Peru. — In Peru the largest operations are in Cerro Paso, at th3 
Santa Roea and olher mines. Since the discovery of the deposit in 
16;i0, it is estimated that *566,000,(100 worth of silver had been pro- 
duced { Iii7 \. Here, as in most Peruvian mines, the lead minerals are 
fomid At the lowest levels, and consist, principally, of leau, argentifer- 
ODS gitlenn. The country rocks are Jurassic and Cretaceous limestonetr 
oouglomerates, slates and saudetouee. often metamorphosed and tra- 
•versed by aiidesile. The ores are generally in qaartzose lodes, which 
sometimes expand to great thicknesses. The minerals are distribated 
through the quartz iu veins confined to certain zones called tajas, 
eiiuivalent to oar " bonauxas. '' Bed and pocket-tike deposits are also 
recognised. The lead minerals are principatly in calcareous rocks, and 
the best deposits are in Jurassic formations*. At Becuay, such rocks 
occur vrjlb intercalated melaphyres, which cut the metalliferous lodes. 
Two groups of lodes are recognized here— the principal ones running 
K.-W., the others N.-S. These both contain argentiferous galena (some- 
what autimonitill, argentiferous gray copper, iron and copper pyrites, 
blende, etc. In the N,-S. lodes the argentiferous copper ores are con- 
eiderMl of first imporiance and the galenas ure rejected. The lead ores 
conlaiii, eomellineo. a8 much as '0<^; of lead, and are high in silver. 

C*»/»— The Chilian deposits are also in lodes. These carry sal- 
phide« «l lover levels iu the nuoxidiwd ores called wuialeafriot. Such 
include argenlifrrona galena and Mende, along with snlpbides, sulph- 
ar»enides and snlp)iautimouide« of iron, copper, nickei, eol>alt and 
other Bietala. .M Ohanarcille, one of the historic and important mines, 
the U>dn> traverae ITppet JuntMic l)me«to(tes and intercalated layers 
«f ni«lap^r<e aud ttiab«i««. n«l«uerai«coMid«red eoDlcDporaneons 

•A hMd, M( *v<MmI * 



THE LEAD AND ZING DEPOSITS OF SOUTH AMERICA. 103 

with the coantry rooks, and conneot with transverse dikes. Three 
groups of lodes are recognized here, trending from N. to N. 45° E., and 
ranging from a few feet np to 30 feet in thickness. In traversing certain 
of the limestone strata the lodes are specially rich, and the wall rocks 
are also impregnated sometimes for a distance of 30 feet or more ; in 
other strata the lodes are impoverished and there is no impregnation. 
The eraptives are only slightly or not at all impregnated, bnt contact 
deposits often occur along them. At Garacales are similar lodes in 
Jurassic rocks, which are traversed by quartz porphyries. The lodes 
are nearly vertical ; vary from 2 feet to 14 feet in thickness, and are 
filled with a gangue of barite and calcite, with much iron oxide near 
the surface. 

Bolivia. — In Bolivia are the famous deposits of Potosi, discovered 
in 1545. They have since yielded $1,200,000,000 worth of silver. The 
country rocks consist of a great dike or dome of quartz porphyry, 
surrounded by Silurian clay slates. Numerous lodes traverse the por- 
phyry and enter the clay slates. The lodes are filled with a quartz 
gangue, in which the usual changes and groupings of metalliferous 
contents with depth are observed. An argentiferous gray copper ore 
is the principal object of mining. 

At Orura are similar deposits in similar rocks. At Huanchaca 
are also a number important deposits. 

At Pulacayo are metalliferous lodes in a decomposed trachyte. 
The principal one runs from E.-W., is between 3 feet to 10 feet thick, 
and has been exploUed 3400 feet in length and over 1500 feet in depth. 
It is traversed by three fau'ts, which throw the lode from 6 to 200 feet. 
The upper levels are filled with barite and oxide, while the lower are 
more qnartzose. Argentiferous gray copper is the principal metalli- 
ferous mineral, but with this ore are sulphides of lead, zinc, iron, cop- 
per, antimony, etc. 

CENTRAL AMERICA. 

In Central America, particularly in Honduras, are deposits of 
silver lead ores, some of which contain as much as 70 per cent of 
lead. Blende is also found with some of these, but is not mined. No 
production of lead ore is quoted from this country. 

The Honduras mines are mostly in the states of Tegucigalpa and 
Gholuteca. Some of these have been worked since early in the 16th 
century, and have yielded many milliou dollars worth of gold and silver. 



104 LEAD AND ZING DEPOSITS OF MISSOURI. 

The Aminas and California mines of the Los Angeles M. & S. Go. 
operate a nearly flat lode ( dip 9° to 30^ S.) resting on a qnartzite con- 
glomerate. The ore is argentiferous galena, with blende and pyrite, 
containing abont 30% of lead [331, p, 394], 

The Opteca mine is in the state of Gomayagna. It was formerly 
of great importance, having been worked 200 years or more. The ore 
contained principally native silver, bat also some sulphides. 

The Yascaran mines operate a true fissore vein, running N. of E. 
to S. of W. The ores consist largely of sulphides of silver, copper, 
zinc, lead and iron. The country rock is a variety of syenite, trav- 
ersed by dikes of greenstone and other eruptives. 

The Ouadaloupe mine has produced ore, containing about 12 per 
cent of lead and some blende, from a lode running ^N'W. to SE., trav- 
ersing a conglomerate and, consisting, itself, of a white conglomerate 
impregnated with ore. At the Gnyal silver mines the lead contents of 
the ore ranged from 60 to 70 per cent. 
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THE LEAD AND ZINC DEPOSITS OF MEXICO. 

The production of lead in Mexico, though large, has been entirely 
secondary to the production of silver, practically all of her lead ores 
being argentiferous. During the years 1883 to 1893, inclusive, there 
were produced over 330,000 tons of lead, beginning with about 16,000 
tons in 1883, and reaching over 65,000 in 1893 [195, vol. i?\ p. 382] 
A large part of this, especially during all excepting the last three years, 
has been exported to the United States. The effects of these imports 
upon the markets of the United States are so considerable that the 
distribution and character of the deposits is of special interest here. 

Zinc ores occur in many of the deposits, and have been mined and 
separated out at some localities, especially in the northeastern states ; 
but of the amounts produced we have obtained only partial records. 
No spelter has been made. 

The mines of Mexico were worked by the Aztecs before the con- 
quest. From 1520 on they were worked by the Spaniards, while, for 
the past fifty years, the American interests have steadily increased. 
From the beginning to the present time, nearly 4,000 milion dollars' 
worth of silver and gold have been produced. Of this, probably over 
90 per cent has been of silver. 

The most important mining districts of early years were in the 
central portions of the republic. During late years developments in 
the northeast, in the states of Goahuilaand Nuevo Leon, have been ex- 
tensive, and have led to the establishment of large smelting works at 
Sierra Mojada, Monterey, San Louis Potosi, and Pedrisena. That of 
Sierra Mojada and one at Monterey are owned by Mexicans ; others 
are controlled by American companies. 

The early miners worked well-defined lodes, traversing, generally, 
limestones, marls or schists, associated with eruptives. These lodes 
have been exploited to depths of 2000 feet or more, and certain diflFer- 
ences in composition and association are recognizable which are com- 
mon to almost all. Fuchs and DeLaunay [91, vol ii^p. SIG] describe 
these zones downward as containing: 

1. Native silver with oxide of iron and manganese in a quartz 
gangne ; 
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Chlorides and bromides of silver and native silver; 
Snlpbide of silver with anlimoQidea, coostitating the bonm 



i. Salpb-antimoDidts of silver and red silver ores, with copper 
ores and blende, increasing with depth, till, between 1:.!00 
feet and 1500 feet, the filling is a mixture of blende, p;rite 
and quarlz. 

The Quanijualo Di-'trict — The mines of this district have been 
among the most famoas, and were worked as early as 1558. They are 
declining in importance now. The great Vet't Matlfe lode is the most 
important, though others ure worked. The country rocl^s are Devonian 
clay slates and Triassic saudstoue. The deposit, though iu a true vein, 
follows the bedding, having: a strike of 45" NW. and a dip of 45° 8^y. 
The thickness is, in places^ over 400 feet, and of this more than 300 
feet is sometimes ore-bearing. It has been exploited over nine miles 
along the strike. The gangue is principally qnariz and calcite, enclos- 
ing fragments and masses of the country rock ; with these are gypsum, 
spathic iron and Suorspar ; barite is absent. The metalliferous minerals 
are silver and gold and various compounds of these, and also galena 
and blende ; between the depths of 1300 ani 1500 feet the proportion 
of galena is large. 

Zacatecas and Fresuillo i?i«(r(e/8,— These districts are respectively 
150 and 200 miles northwest of the last. The lodes are similar and 
are also extensive. In Zacatecas the Veta Grande averages from 25 to 
35 ft. in thickness and ranges up to 75 ft. The lodes are in a groy'- 
wacke and are often sinuous and bifurcate. Galena aud blende occur 
in the lower levels. At Fresnillo, some fifty or more veins, containing 
silver ores and galena and blende, are recognized either in graywacke 
or in Devonian clay slates. The Zacatecas deposits appear to be ap- 
proaching exhaustion now. 

Near Oatorce, abont 100 miles northeast of Zacatecas, are great 
lodes as much as 36 ft. thick, which have been exploited one and a 
half miles in length. 

i>uranffo.— In Duraogo are deposits at several localities yielding 
lead ores. The most important of these at present are the Velantina. 

The Velardina mines are nine miles from Pedrisena. The ores are 
low grade, and conld not be exploited until recent railway extensions 
were made. According to Mr. R. E. Chism : the ore deposits "oounr at 
the contact of poryphyry and limestone, in well-defined bodies, which. 
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in some places, are 100 feet thick. OpeDings have been made on the 
vein, which dips vertically or at a steep angle, for a distance of 600 ft. 
The ore is a carbonate, high in lead and low grade in silver, with an 
access of iron over silica. The limestone country rock, which is hot 
magnesian, famishes the lime flax for smelting, and siliceous ores rich 
in silver are obtained in the immediate vicinity and in other parts of 
Darango ; hence in all respects, except fuel, Velardena seems to be 
well adapted for silver-lead smelting. The mines are owned and ope- 
rated by the Oompania Minera de la Velardena, which has erected 
smelting works of six farnaces and employs about 750 men. The first 
furnace was blown in Nov. J, 1893, and was followed by four more in 
December " [195, vol. iL p. 414]. 

At Inde, in the northwestern portion of the state, are numerous 
small deposits in veins. These formerly yielded workable quantities 
of lead, but next to nothing during the past thirty years.* 

Near Mapimi are old mines which formerly produced vast quanti- 
ties of lead, but are now worked down to depths of 1200 ft., and have 
been abandoned for years.* 

Pachuca. — Near Real del Monte, in this district, are a number of 
important silver mines, including the well-known Eosario. The rocks 
are porphyries and later eruptives. The lodes are always in the former, 
and are very numerous. The trend is generally E.-W., and the dip 
steep to the south. The gangue consists of quartz and a breccia of 
decomposed porphyry; calcite and barite are rare. The metalliferous 
minerals are principally native silver and stephanite ; blende and pyrite 
are found, but are not common. The thickest lode is about 70 ft.; the 
longest has been traced a distance of nearly six miles, and it is thought 
that it may be a continuation of the Vetit Madre. The mines of this 
district continue large producers up to the present time. 

Zalapa. — A few miles northwest of Zalapa are the Tatitila and 
Zomlahuaca districts. The country rocks here are limestones, tra- 
versed by greenstones, porphyries and trachyte?. The lodes, which 
are very numerous, are mostly in the limestones. Four groups of lodes 
are distinguishable, one of which is characterized by argentiferous 
galena, in a gangue of quartz and calcite. The lodes vary, as a rule, 
from 3 feet to 6 feet in thickness. At La Conception mine, the ore 
body is massive, and contains auriferous quartz, with lead, silver and 
copper ores. 

*Priyate commnnication of Mr. Jobn N. Jndson. 
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—The miceB near thie place, about 60 miles aoatbveet { 
the Oity of Mexico, operate lodes coDtaining prineipally argenliferonj 
galena and copper and irou pyrites as metallirerons tninerals. Tbewl 
are lean in silver. The deposits were worked before the conquest. 

At Malacate, near by, are a number of lodes containing galena a 
blende, along witt other minerals. 

Morelos The San Francisco mines of this district operate a 

vein aboat i feet thick. The ore is found in pockets in a qnartx' 
gangue. Argentiferous galena preponderates in one part of the 
deposit, while elsewhere, argenliferous copper ores take the place of 
the lead. 

In northwestern Mexico, in Sonora and Ohihuahna, are a number (f 
important silver mines, but the lead contents of the deposits are conj 
paratively animportant. Kear Parral, Mr. Jndson* writes that jad|| 
ing from the dump piles of mines there, a good deal of smelting < 
must have been raised there formerly. 

Ooahuila. — In this, the nortbeastmost state of Mexico, are at prel 
ent Ihe most important lead-producing mines. 

The Sierra Mojada mines are located near the western border linj 
of the state, about 100 miles south of the Kio del :Norte. The depoeltf 
were known to the early Spaniards, but were, apparently, abaodoneq 
and were not rediscovered until 1ST8. In 1893 the daily shipments of 
ore were as much as 500 tons, and np lo Oct. Ist. 189li, the output was 
500,000 .tons for that year [ ..S7, p. J,',l ]. According to Mr. K. E. Cbiam^ 
( -i^, p. J^~' J and Mr. Fechet, the eounlry rocks are niagueainn 
stones, as much as 2000 ft. thick, of probable Cretaceous age, strikini 
E.-W, and dipping 25° to .'iO° liT. Some beds of calcareous sand8ton<| 
are also included, and one stratum of couglomerste occurs near I 
base. 

The ore deposits are confined to the northern slope of the mooi 
tain range. They occur in strata of altered limestone, principally ti 
the form of great bedded veins or chambers. They appear to be o 
fined to a certain horizon and dip with the strata. They occur about 
one-third the way up the mountain, and are traceable at this attitude 
a distance of about four miles. The metalliferous minerals consist 
principally of silver compounds, of galena, cerussite, aiiglesite. with 
which is found native sulphur, and copper carbonate. Much limonile, 
hematite and manganese are, in places, associated with the lead i 
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copper ores. According to Mr. Fechet, the lead contents average 
about 30 per cent, and the silver about 35 oances. 

From the following table of prodactions and compositions, kindly 
obtained by Mr. Jadson from Mr. Panl La Monte, government assayer at 
Sierra Mojada, it appears that this estimate is too high, at least so far 
as present productions are concerned : 

AMOUNT OF ORB BXTR ACTED FROM THE SIERRA MOJADA MINES, 

From May 1, 1893, to April 30, 1891. 



Tona ore. 



Silver 
oz. per 

tOD. 



Copper 

per 

cent. 



Lead 

per 

cent. 



Lead 

contents, 

tons. 



San Salvador. 



San Jose . 



i t 



Esmeralda.. 
Providencia 



Fortuna 



» ( 



Encantada . 



Parrlna 

Ste Madre de los Angeles 
Ezplorador 



100,335 

18,671 

17,070 

2,622 

3,934 

14,534 

6,772 

8,409 

883 

335 

69S 



17.62 
33 42 
48.61 
18.84 
18. 2 < 
18.84 
58.33 
10.33 
10.33 
15.19 
48.61 



25.0 
22.0 



3.4 



4.0 



Dry 
4.1 



24.6 
20.6 
23.9 



32.1 
32.0 



25,084 
4,108 



645 

810 

3,386 



2,699 
283 



Total lead ore 149,388 tons, containing 37,015 tons lead. 
Total copper ore 23,440 ** 888 *' copper. 

The gangaes are calcite, " felspar " and barite. The deepest work 
in 1893 was about 500 ft. The most important mines at present are the 
San Salvador, the San Jose and the Fatima; in the past, the Encan- 
tada and the Esmeralda have been large producers. Mr. Fechet esti- 
mated the ore reserves in sight sufficient to last ten years. 

In the Santa Bosa and Monclova mining districts are a number of 
deposits, which are classed as lodes traversing Lower Carboniferous 
limestones. They contain argentiferous galena and cerussite, along 
with native silver [201, p 388]. They are now worked to water level. 

Near Guatro Oienegas, Mr. Judson refers to two groups of mines 
of which the ore was high in lead, but low in silver, which have been 
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worked a little. All along the moantaias from Saata Rosa sontheast- 
ward are scattered small tnines which were worked during our civil 
war and at other times when trade condirions were particularly favor, 
able. They are now mostly down to the level of heavy ilow of water. 

Nuena ieow.— One of the foremost mines of this state ie the Val- 
lecillo, north of Monterey. The deposit appears to have been worked 
by the Spaaiarde, but was long abandoned, and not again continnonsly 
worked until taken hold of by an American company in 1S61. Mr. 
Gbism has described the mine with great completeness \i-H,p. s.'il \. 
According to bis description the country rock is a ehaly, Bou-foseili- 
ferouH limestone, in a nearly horizontal attitude and undisturbed by 
faults or fractures. The deposit is a lode or a true tiasure vein running 
N.40'' E., and dipping 56° NVV. The average thickness is about 3 ft., 
and the pay-streak varies from 6 ins to 13 ins. The gangue minerals 
are calcite, feldspar and duorspar, with no considerable amounts of 
barite; with these are galena, blende, and copper and iron pyriies, 
repreBented by oxides and carbonates near the surface. These are 
irregnlarly banded, and lenses of galena and blende alternate with each 
other, io the lode, tboiigb overlapping. Mining in 1884 had extended 
to depths of 450 ft. Aboot a third of the yield of metalliferous min- 
erals was blende, and, at that time, it had accumulated to great bulk, 
awaiting shipment. 

Near Villadama, Frazer [00, p. 0-^7\ describee certain other limited 
pocket-like deposits in a limestone country rock, which contain small 
(laantilies of lead and silver. 

7<7Wi7if/'y^a« —In this state, in the southern portion, are deposits 
which, Mr. Jitdeon writes, are reported to yield promise of becoming 
productive. The San Oarlos mine operated such a one. T7p to 
they had not been worked for years. 
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LEAD AND ZINC DEPOSITS OF THE DOMINION OF CANADA. 

So much of the great territory of British America remains yet 
comparatively unexplored, that it is impossible to describe with fullness 
the extent and nature of its mineral deposits. Up to the present time, 
however, the only important discoveries of ore which may develop into 
sources of large lead supply are in British Columbia, in what is known 
as the West Kootenay district. Here are argentiferous lead ores in 
many respects similar to those of the states of Idaho and Montana, im- 
mediately south. Other deposits containing silver-bearing galena have 
been worked elsewhere in the dominion, but they are not to be re- 
garded as sources of lead. Some of these latter contain also consid- 
erable quantities of blende, but no deposits are worked for zinc ore. 
West Kootenay District — The known deposits of this district are 
at somewhat widely separated localities, between Illicilliwaet on the 
north and Nelson on the south. The most important are those of 
Nelson, Hot Spring, Casloslocan, Golden and Illicilliwaet [29. 60, 01,62]. 
Comparatively small amounts of ore have been produced so far, how- 
ever ; transportation being difficult and smelting works not having yet 
been erected in the region, though such ores have been treated at 
Vancouver. Tariff rates into the ^United States have prevented the 
shipment of the ores to the works of Idaho or Montana. During 1888 
and 1889 Canadian reports give a production of only 420 tons [6\y, p 62], 
The district is considered by Canadian geologists to be one of great 
promise, and, according to one statement, a production of as much as 
250,000 tons of ore can be easily attained. 

The country rocks are Archean granites and schists, overlain by 
Paleozoic schists, marbles, limestones, quartzite, slates and argillites. 
The deposits are almost entirely in the latter. 

The Illicilliwaet ores occur in'lodes, running principally N.-S., but 
also intersected by cross lodes. They occur in black slates and lime- 
stones of probably Cambro-Silurian age. The gangues are quartz 
calcite and earthy matter, containing galena, blende and iron pyrite. 
The lead contents vary from 40 to 70 per cent. 

At the Hot Spring mines, on the west side of Lake Kootenay, are 
lodes running generally N.-S., nearly or exactly parallel with the strike 
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of the coDutry rocks, wMcb are mainly schists and limestones. Some 
of these follow the stratili cation, while others are across it, and the_ 
character of the ore-body varies noticeably with the enolosiDg rock 
The gagues are priucipally quartz and calcile. The "ore is largely* 
gentiferoas galena, oxidized to a rusty carbonate in places. The lodel 
in the schists are a few feet thick and are quite regular; in the limd 
stone they are very irregular— the ores sometiaies impregnating i 
rocl>, sometimes occarring in large masses or "chimney?, " and in 
great part oxidized. A large number of claims are located hern. 

The Heudryx deposits, nearly opposite Hot Springs, on the east 
side of the lako, are very large, though of lower grade. The rocks are 
schists, quartzites and marbles. The ores consist of iron and copper 
pyrites, galena and blende, in a quartzoae gangae, which is sometimes 
in cavernous bodies. Masses of pnre galena are found in places. 

The Todd Mountain deposits, near Nelson, are somewhat simila^ 
but contain only traces of lead ore. 

Nortit Shore of Lake Superior [ 64, 6-j, 66 J. — Along the shore ot 
Thunder bay and on adjacent islands, a number of silver deposits have 
been worked which contain both blende and galena as accessory mine- 
rals. The rocks belong to the Copper-bearing series, and consist of 
dolomites, cherts, sandstones, conglomerates, argillites, etc., traversed 
by eniptives. These are crossed by lodes carrying blende, galena, 
copper and silver ores, in gangues of quartz or calcite, generally brec- 
ciated. The Shnniah lode, from 2 ft. to 2a ft. thick, running E.-W., 
consists of a gangne of quartz near the surface and of calcite lower 
down, carrying blende and a little galena.. The Silver Tslet lode fol- 
lows a fault plane; it also contains some blende and galena iaagaQgiu 
consisting largely of calcite. 

In the province of Quebec [ 70 p. 77 ], limited deposits of ar^nt 
ferous galena occur on Du Loup river. They consist of qaartzost 
veins a foot, more or less, thick, carrying both blende and galena. 
They occur in Cambrian slates and sandstone, which were traversed 
by diorite dikes. In the Ponliac country, on the Ottawa and elao* 
where, small quantities of such galena have also been found. 

In the American provinces, small quantities of argentiferous galeiH 
have beeu discovered on the Tombique and Hammond rivers and at 
Musquash harbor, ail in southern New Brunswick ; in Nova Hcotia on 
Gay's river and near Guysborough [ 64^ pp. 27 J, So J, G4o\ {S5,p. 35 X 
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M4S8A('HUSETTS. 

Noteworthy deposits of lead ore occur at two loeatities in tlie 
state. The first and longest known is in the central portion, in the 
vicinity of the Connecticut river. The second, of comparatively recent 
devolopiueni, is at Ncwbiiryport in the extreme northeastern corner of 
the state. AVith the first deposit some zinc blende is associated. At 
Worcester, and at Sterling, a few miles northof that town, amail anionnte 
of galena have been found asHooiated with arsenical iron ore and car- 
bonate of iron. At the latter place sphalerite of a cherry-red color also 
occars. The existence of galena and some blende in a fetid limeatone 
in West Springfield is also noled [ 10-j,p, 4i-'']- 

The deposits of the Couueclicul valley were described by Hitch- 
cock in his first report on the Geology of Massachusetts \ lOo. pp. 
I U9-2]. They occur principally in the vicinity of SoutbaaiptOD. 
He states that as many as 14 aoteworlhy veins ocenr here, in mica slale 
or granite. The ore is almost exclusively galena. 

Southampton — The most important of these deposits was at South- 
ampton- Work was began here in 176rt, bat was suspended by the 
Revolutionary war, and not resumed until 1809. The works were 
visited by Prof, Silliman in 1810 [-^-i'-f, p. SiHi], The vein here is 6 to 8 
feet wide, traversing mica slate and granite. The gangne is a mixture 
of quartz, and barite through which the ore occurred in masses from 
one-half inch to one foot in diameter. Shafts have been sunk in this 
■vein to a depth of from 40 to 50 feet, and a tunnel has been driven in 
to cut i1 to a distance of 900 feet. This was, however, abandoned just 
before the vein was reached, largely because of the depression in the 
price of lead at the time. Hitchcock states that doubtless immense 
quantities of the ore may be obtained here. Along with the galena 
some carbonate, sulphate, molybilate, chloride and phosphate of lead 
were recognized. Also blende, chalcopyriteand fiuorspar. 

At Northhampton asimilar vein is exposed several feet wide. The 
walls are uiica slate, the gangne radiated quarts. Yellow blende 
occurs here in great quantity. Similar veins are recorded in West- 
hampton ; in Williamsburg, associated with oxides of manganese; in 
Ooshen ; in Whafely, where three veins were recognized consisliug of 
a quartz gangue with galena; in Hatfield, where the gangne was prin- 
cipally barite and the vein from one to four feet wide, and in Bnssell, 
where the ore consists of galena, blende and chalcopyrite. In Lere- 
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rett two veins were discovered, one traversing granite and containing 
galena in barite ; the other containing galena, chalcopyrite and some 
blende and quartz. 

Tha Newburyport Deposit. — A.t Newburyport a vein of argenti- 
ferous galena was discovered early in the year 1874. The first pit was 
pat down in May of that year, and fragments of galena with gray cop- 
per, siderite and quartz were taken out, which indicated a decided vein 
structure in the deposit [ 189^ />. M^]. Later in the same year several 
parallel crevices were uncovered running in a nearly eastward direc- 
tion, or a little north of that course. These were within a few feet of 
each other. One of these was six inches thick at the surface. On 
this the Ohipman shaft was sunk. At a depth of 10 feet, the deposit 
widened to a thickness of three feet, and at a depth of 22 feet, the 
galena vein measured six feet thick. Lower down the thickness 
varied from 10 to 16 inches. Assays of this ore showed it to be 
rich in silver. One assay of a drill sample through the thick mass 
of the ore yielded about $rO worth of lead, $73 worth of silver, and 
$11 worth of gold to the ton of 2240 pounds. A level at a depth of 
100 feet was driven. This shaft was well equipped with hoisting 
engine, cage cars and pump, and in September, 1875, had a regular yield- 
ing of about seven tons per day. 

Ooncerning.the final results, Prof. Richards writes* as follows: 

'*At about 60 ft. down the lower limit of the ore was reached : 
that is, the deposit that had averaged one foot thick toward the east end 
and six inches thick at the west end, of good rich mineral in a length 
of 200 ft., rapidly gave place to a vein of quartz dotted with a little 
galena, and so went on to a depth of 225 feet, when the courage of 
the owners gave out. 

^^There was another vein farther north and east, seemingly about 
parallel to this, which contained a great deal of arsenopyrite ; in fact 
that and quartz composed the vein. 

^^Another vein south of the Merrimac vein had a great deal of zinc 
blende in it, and the siderite was pretty much wanting."t 

•Private commaalcatioo Jane 16, 1893. 

t For farther references on Maflsachnsetts deposits, see appendix C [ 106^ vol. Hi, pt. v, p. 34; 
alio 74, 114. 152, 180, 100, 215]. 
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MASSAOHnSBTTS. 

Noteworthy deposits of lead ore occar at two tocalilies id the 
filate. The first and longest known is in tbe central portion, in the 
vicinity of the Connecticnt river. The second, of comparatively recent 
development, is at Newbaryport in the extreme norlheastern corner of 
the state. With the first deposit some zinc blende is associated. At 
Worcester, and at Sterling, a few inilea nortliofthat town, small amonnts 
of galena have been found associated with arsenical iron ore and car- 
bonate of iron. At the latter place sphalerite of a cherry- red color also 
occars. Tbe existence of galena and some blende in a fetid limestone 
in West Springfield is also noted [ lOJ, p. 4.iS]. 

The deposits of the Connecticut valley were described by Bitch- 
cock in his first report on tbe Geology of Massachusetts [ !0S. pp. 
1 9 9-3], They occur principally in the vicinity of Sonthamptoii. 
He states that as many as 14 noteworthy veins occur here, in mica slate 
or granite. The ore is almost exclusively galena. 

Southampton.— Tbe most important of these deposits was at South- 
ampton. Work was begun here in 1765, but was suspended by the 
Revolntionary war, and not resumed until 1809. The works were 
visited by Prof. Silliman in 1810 [S'-i, p. .i'.i'.)]. The vein here is 6 to 8 
feet wide, traversing mica slate and granile. Tbe gaugue is a mistnr« 
of quartz, and barite through which the ore occurred in masses from 
one-half inch to one foot in diameter. Shafts have been sunk in this 
"vein to a depth of from 10 to 50 feet, and a tunnel has been driven in 
to cut it to a distance of 900 feet. This wa8,however, abandoned just 
before the vein was reached, largely because of the depression in the 
price of lead at the time. Hitchcock states that doubtless immense 
quantities of the ore may be obtained here. Along with the galena 
some carbonate, sulphate, molyb<late, chloride and phosphate of lead 
were recognized. Also blende, chalcopyrite and fluorspar. 

At Xorthhamplon asimilar vein is exposed several feet wide. The 
walls are mica slate, tbe gangue radiated quartz. Yellow blende 
occurs here in great quantity. Similar veins are recorded in West- 
hampton ; in Williamsburg, associated wilh oxides of manganese : in 
tJoshen ; in Whately, where three veins were recognized consisting of 
a quartz gangue with galena; in Hatfield, where the gangne was prin- 
cipally barite and the vein from one to four feet wide, and in Bassell 
where the ore consists of galena, blende and chalcopyrite. In Lere- 
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rett two veins were discovered, one traversing granite and containing 
galena in barite ; the other containing galena, chalcopyrite and some 
blende and quartz. 

The Newburyport Deposit. — A.t Newburyport a vein of argenti- 
ferous galena was discovered early in the year 1874. The first pit was 
put down in May of that year, and fragments of galena with gray cop- 
per, siderite and quartz were taken out, which indicated a decided vein 
structure in the deposit [ 189^ p, 44^ ]. Later in the same year several 
parallel crevices were uncovered running in a nearly eastward direc- 
tion, or a little north of that course. These were within a few feet of 
each other. One of these was six inches thick at the surface. On 
this the Ohipman shaft was sunk. At a depth of 10 feet, the deposit 
widened to a thickness of three feet, and at a depth of 22 feet, the 
galena vein measured six feet thick. Lower down the thickness 
varied from 10 to 16 inches. Assays of this ore showed it to be 
rich in silver. One assay of a drill sample through the thick mass 
of the ore yielded about $J0 worth of lead, $73 worth of silver, and 
$11 worth of gold to the ton of 2240 pounds. A level at a depth of 
100 feet was driven. This shaft was well equipped with hoisting 
engine, cage cars and pump, and in September, 1875, had a regular yield- 
ing of about seven tons per day. 

Ooncerning.the final results, Prof. Richards writes* as follows: 

'*At about 60 ft. down the lower limit of the ore was reached : 
that is, the deposit that had averaged one foot thick toward the east end 
and six inches thick at the west end, of good rich mineral in a length 
of 200 ft., rapidly gave place to a vein of quartz dotted with a little 
galena, and so went on to a depth of 225 feet, when the courage of 
the owners gave out. 

^^There was another vein farther north and east, seemingly about 
parallel to this, which contained a great deal of arsenopyrite; in fact 
that and quartz composed the vein. 

^^Another vein south of the Merrimac vein had a great deal of zinc 
blende in it, and the siderite was pretty much wanting."t 

•Private commaalcatioo Jane 16, 1893. 

t For farther references on Maflsachasetts deposits, see appendix C [ 106^ vol. Hit pt. v, p. 34; 
alio 74 y 114. 152, 189, 190, 215]. 
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OONNBCTIOUT. 

Galena is foniid at a utimbtr of loratities in the state, bat bas 
been wrought at ouly a few points and on a email scale. 

The most iinporlaiit deposit seeais to be that at Middletown. This 
16 described as galena in a thin seam of quariz, 10 to 20 inches tbiok, 
traversing mica elate. 3^itb the galenu are zinc blende and iron 
pyrite. These minerale form, however, only a small proportion of the 
vein [JC, p. ''j]. According to Whitney, work was probably begun 
here as early as the latter part of the 17lh centnry. The course of the 
vein is abont N. 50 E., and the dip abont 45° N. \V. Up to IS'A a 
ahaft had been snnk to a depth of 120 feel, and several levels were 
driven. Parts of the lode proved wide and rich, other parte poor. 

Near Brookfield, some little lead ore has been found in limeatone. 
In Monroe, galena in small (luantities is found disseminated through a 
lode of qnarlz. 

NEW YOBK. 

In the State of New York there are a iinmber of deposits 
lead ore which were considered at one time worthy of development. 
These are situated in three sections of the state : i. e., in Si. Lawrence 
county in the northern part, in Washington, Bensselaer, Columbia and 
Dafchess coonties in the eastern part, between the Hndson river and 
the slate line; and in Ulster, Sullivan and Orange cunnties in the 
southeastern corner, 

In Ulster connly the ore occurs in a series of vertical fissi 
which traverse Silurian rocks (grit and sandstone). At Ellen vjl 
mine was opened many years ago on one of these Assures, and was qaite 
extensively worked. They are nearly vertical and run transversely to 
the slratiticanon. The veins are quite narrow in many places, but 
open ou( elsewhere to large chambers five feet or more wide. In 
these chambers copper and lead ores are found, associated with crys- 
tals of quart/., all enclosed in yellow clay. The ore courses in the 
fissures follow pretty nearly the lines of stral ill cation. Whitney calls 
these "great gash veins," and thinks they are probably confined to 
the grit beds [ ,.'.;,;. p. 4"''\- 

The Ellenville mine was worked first in 1820, and later again, but 
with little success. Several veins near here were worked about 1854. 
Two Scolch hearths were creeled for smelting these ores, which yield) 
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70 per cent of lead in the farnace. Up to 1854 aboat $33,000 worth 
of lead and $3000 worth of copper had been produced. 

Near Bedbridge, in this same coanjty, a similar deposit of lead ore 
occars, which was opened and worked in 1837. The gangne here is 
largely siliceous, frequently in the form of large quartz crystals; with 
these are associated masses of galena, blende, and copper and iron 
pyrite. 

At Wnrtzboro, in Sullivan county, another similar deposit of lead 
was worked for many years. Near Ouymard, in Orange county, a rich 
vein of lead ore was found about 1858. Mining was still being done 
there in 1868, and a large quantity of lead had been taken out [52, p. 147\. 
Dr. Cook states that this last discovery caused much excitement, and 
quite extensive search was made all along the western slope of the 
Kittatinny mountains. Small quantities of ore were found at several 
places, and it was determined that these were associated in some way 
with vertical quartz veins which crossed the mountains at right angles 
to the strike. 

Prof. I. 0. White, writing in 1881 [ 2S£^ p. 151 ], states that genuine 
fissure veins occur in the Medina sandstone in the Shawangunk moun- 
tains, which probably extend down through the Oneida conglomerate. 
One of these was from three to four feet wide, running N. l(f E. One 
of the shafts in the vicinity of Ouymard had been carried down to a 
depth of 400 feet. Prof. Lesley adds, in a foot note here, that it is pos- 
sible that these lead veins have been created as recently as Cretaceous 
times, and he suggests that they may have risen from the Trenton lime- 
stone, which would show that this part of the earth crust had been 
profoundly fissured. 

In Columbia county, the Ancram or Livingston mines were the 
most important. Here the lode or vein is found in argillaceous, metamor- 
phosed slates, close to a crystalline limestone. The gangue is quartz, 
and the ores are galena, blende and copper pyrite. The vein is only 
about 4 inches thick. Its course is diagonally across the statification, 
and its dip is nearly vertical. The mine was worked in the early half 
of the century, and work was resumed about the year 1853. According 
to Whitney [234, P- S95 ], Prof. Beck states that this is not a true vein, 
but is rather a collection of strings and bunches of ore parallel to the 
stratification, with no well-defined walls. Though exteneiively operated, 
it has never proved remunerative. 
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Near Nortlieast, in Datchees coanty, a little lead ore has been 
fOQDd. It wae worked ae early ae 1740, and Buiall anioautB were shipped 
abroad. Attempts to obtain lead here were also made dariag the 
Bevolntionary war. The quaatiLy is too email, howcTer, to admit of 
profitable development. 

In Herkimer, Montgomery and Lewia connties, specimenB of leaf 
in Lower Silarian strata have been found. 

In 3t. Lawrence county are perhaps the most considerable depo- ' 
site of lead in the state. They oecor in the western corner of the 
oonnty, near Bossie, in Archean gneiss. They were worked at inter- 
vals duriog the first half of the century, from the year 1835 on. The 
most importaut deposit at Rossie is probably what was known as the 
Ooal Hill vein. Whitney quotes several descriptions of the deposit 
\2S4.pp- SS2-3S7]. A number of veins occur in a group here, of which 
the Ooal Hill vein is the largest. Its average width is about two feel, 
but it reaches four feet in places. It is nearly vertical, with a S9E. 
course. It had an exposed length in 1837 of 450 feet. The gangue is 
principally calcite, in which the lead ore occurs. This last is somewhat 
irregularly distributed, and occnpies from two to eighteen inches of 
the width of the vein. The ore is remarkably free from iron, copper 
or zinc sulphides; it carries a trace of silver. Operations were con- 
ducted in the Goal Hill vein in 1837 to 1839, and agaiu in 1852. Dur- 
ing the first period, about 1800 tons of lead were smelted. The Vie- 1 
toria Lead Go. operated a similar parallel vein during 183G to '37, from >1 
which 524 tons of lead were prodnced. This vein also was reopenedl 
io 1S52. These deposits are noted for the beantifal crystals of galeuft*! 
and ca'icite which they furnish. 

During the past twenty-five years, the deposits of New York have 
received little notice, and have practically been non- producers of lead. 
Beyond the figures given above, we are unable to state what New , 
York's production of lead has been. 



PENNSYLVANIA. 

The discoveries of zinc and lead ores made io Pennsylvania manyi 
years ago led to the autioipaliou that large deposits of these minerals' 
might bo developed in the state. The results have not, however^ 
proved equal to these expectations. Oaly one zinc deposit of magni- 
tade has been operated with protit, and little lead has been prodooed 
since the operations of the Oheeter county mines in the early fifties. 
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Friedensville. — The Saucon valley zinc deposits in Lehigh county 
are by far the most prominent. They are located only a few miles 
soath of Bethlehem, and the zinc works at that place were supplied 
from these Friedensville mines. According to Mr. H. S. Drinker [ 70^ 
p. 67 ], zinc was first discovered here in 1845 by Prof. W. T. Boepper. 
Some work was done soon after the discovery, and mining-on an ex- 
tensive scale was began in 1853 by the Pennsylvania & Lehigh Zinc 
Oo. At the same time smelting fnrnaces and a plant for the manufac- 
ture of zinc oxides were erected at Bethlehem by the same company 
[234yp. 351]. 

Three openings have been made in these deposits by the Lehigh 
and other companies, known respectively as the Ueberotb, Hartman 
and Saucon mines. They are within a half mile of each other. These 
have been described in some detail by Mr. F. L. Olerc [ 240, p, 361 et 
seq]. They are essentially large open cuts. The first named is by far 
the largest. It was worked continnoasly from 1853 to 1876 and ex- 
tends to a depth of 250 feet on the slope of the bed and more than 
1000 feet along the strike. Mammoth pumping engines were erected 
here to drain the mine. An excessive amount of water was encoun- 
tered, which was ultimately one of the causes of cessation of work. 
The Hartman mine is a smaller opening and extends to a depth of 150 
feet. Saucon mine reaches a depth of 200 feet. These deposits were 
almost uninterruptedly worked until 1878. In 1882 Mr. Clerc wrote 
that they were producing but little ore. 

The country rock is here a dolomitic limestone of Lower Silurian 
age. The strata are nearly vertical in places, and the rock appears 
much disturbed and fractured. The strike is from S. W. to N. E. The 
mode of the occurrence of the ore is somewhat peculiar, and is differ- 
ently described by various authors ; and the source of the ore is also 
attributed to a diflferent origin. Thus Eogers [193^ vol. », p. '236] speaks 
of the ore as '^iDJected" into the limestone, and speaks of much 
injected quart z associated with that rock. He describes the veins of 
ore as coinciding in direction with the axis of a syncline along which 
there is possibly some faulting. Mr. Frederick Prime [175^ p. 239] 
states that the limestone appears broken and cracked and the interstices 
are filled with ore, giving the appearance of a breccia. The ore ex- 
tends vertically 30 or 40 feet across the strata, in some places, while 
elsewhere the ore bed is only 10 to 20 feet thick. Mr. Drinker states 
that the ore occurs in vertical veins, of which the most important run 
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ID the east and west dlreclion. Mr. Clerc describes Ihe or'> at the 
TTeberoth mine as followiag crevices between blocks of limestone, the 
crevices being tioth parallel to tbe vein and perpendicular to it. Tbey 
continne nudiminished in thickness down to the limit of depth reached 
by the workings. He recognizes sis parallel crevices and as maDf 
croseinga. At the intersections, banches of ore 20 to 60 feet in thiok- 
nesB were found. The deposits at the Sancon miue he describes as a 
large chimney or chnte of irregular cross seclion, but of lenticDlar 
shape ; the longer axis 60 feet, the transverse axis 30 feet. The pitch 
was 8. about 'M°. He speaks of all these ore bodies as three deposits 
of blende and calflmine in nearly parallel chimneys. 

The ore proper consists of bluish blende associated with pyrite; 
smithsonite and calamine were found near the surface. It is remark- 
ably free from lead, arsenic and antimony, which commends it for use 
in the manufacture of spelter. A little galena is found in large crys- 
tals. 

Full figures of Ihe production of this mine are not obtainable. 
Up to the end of 1876 the Ueberoth mine is estimated to have pro- 
duced 300,000 tons of ore. In 1^7^ these mines were producing about 
20,000 Ions per annum, and daring the preceding years had yielded at 
the rale of about 12.000 to 15,000 tons per year. 

Blair County Another group of deposits which have been quite 

extensively developed is in Blair county, in Sinking valley near Bir- 
minghaui. Both lead and 7.inc ores are found here. Tbe operations 
have not, however, proved remuneralive. The deposits occur in 
dolomitic limestone of Trenton sge, near the center and terminus of 
one of those inverted canoe-shaped valleys of anticlinal structure which 
are so common in Pennsylvania. 

The deposits were worked to a slight extent during the revolutioa, 
in 1TT8. Reduction works were erected and lead was smelted aad 
shipped down Ihe river. They were again operated abont ITOui. Tbe 
principal operations have been in recent years, however, by the Key- 
stone company, who began operations in 1S64, and suspended workia 
1870. During this period over 2000 tons of ore were produced. Large 
works were erected here, which utilized this and other ore for tbe 
manufacture of zinc oxide. In 1875 a small amount of additional 
development and drilling was done. 

The ore occurs at the east end of the valley, near Birmiugbam, 
in fissures along the anticlinal axis, parallel to the stratification, tbe 
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-course being S. 65^ W. The flBBures vary in width from thin threads 
to spacious chambers ; in length, however, they seem to be very limited, 
the longest drift in the southwestern direction being 160 feet. Imme- 
diately east, as well as west, of these mines, deposits are not found. 
Mr. Franklin Piatt, whose descriptions we make use of here [ 170, p. 
^J, et seq,], regards these fissures as probably extending to indefinite 
depths. 

West of the Birmingham openings is a barren interval of some 
five miles. Beyond this, in the extreme western end of the valley, fis- 
sures are again found in the upper layers of the Trenton. They are 
here, however, very generally transverse to the stratification, are ver- 
tical, are scattered across the valley and are quite thin, few exceeding 
«ix inches and the maximum reported not being over two feet thick. 
A large number of pits and shallow shafts have been sunk here, but 
no extensive workings. 

Mr. Piatt thinks that these fissures are probably due to the move- 
ment which caused the general flexing of the rocks, and those at the 
west end of the valley are perhaps due to shrinkage. Thin strata of 
galena and blende are frequently found in the country rock at distances 
from the large deposits. 

The ores are zinc and lead sulphides, calamine and some pyrite. 
The blende predominates, and the ore averages about 30 per cent met- 
tallic zinc. The gangue is dolomite, barite, ferruginous clay and some- 
times calcite. 

The source of this ore, it is suggested, is the disseminated mineral 
in the country rock. This may have been dissolved and re-precipitated 
in the crevices formed by the earth movements. Similarity between 
these deposits and those of the Mississippi valleys make them of special 
interest here. It is probable that they have a similar origin. 

Lancaster County. — In Lancaster county, near Landisville, is the 
Bamford zinc mine. The deposit was discovered in 1845, and was 
worked for the production of white oxide some 35 or 40 years ago. It 
was purchased and reopened for extensive work in 1873. 

According to Mr. E. G. Spillsbury [211, p. 198]^ the superintend- 
ent, the ores are found in two parallel bedded deposits in Lower Sil- 
urian limestone, close to the contact of this limestone with shale. 
These deposits are parallel to the strike and dip of the rocks, and have 
a course of N. 74° E., and a dip of 72° NW. The limestone hanging 
wall is brecciated and decomposed, is full of seams and cavities, and 
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even caves, which are as much as 20 feet long and 6 feet high. These 
cavities are generally filled with a dark and sandy loam. Along the 
foot-wall the ore is somewhat interlaminated with that rock, which is 
less siliceons, compact and dark blae. 

The ores are salphide of zinc and lead changed to carbonates near 
the surface. The gangae is limestone. The galena contains silver in 
amounts varying from $2 to $2000 to the ton. The blende is a variety 
known as rosin blende, containing a small amount of cadmiam. The 
ore averages from 17 to 18 per cent of blende. The galena is found 
in bunches or strings near the hanging wall, while the blende impreg- 
nates the whole bed. 

This deposit has been traced a half mile, and indications of its ex- 
tent beyond this exist, but they have not been proved. In the southern 
vein the richest ore was between the depths of 55 and 75 feet. At 110 
feet this vein had little or no ore. The northern vein is perfectly bar- 
ren below 50 feet. The operations here did not prove remunerative^ 

Northumberland County. — In this county, a few miles below Sun- 
bury, on the Susquehanna river, a considerable deposit of lead and 
zinc ore has been found. It occurs, according to Prof. I. 0. White [231^ 
p*99]^ in what is known as the Bassard limestone of Silurian age, near 
the base of the Lower Helderberg. It was discovered about 40 years 
ago, and some work was done then. Systematic development was not 
begun, however, until 1882. The deposit is on the crest of an anticlinal 
arch, and follows the strike of the beds in an east and west direction. 
The ore occurs in patches and pockets, associated with clay and detrital 
material. It consists chiefly of sulphides of lead and zinc ; in compo- 
sition it averages 20% of lead and 32% of zinc. 

In Columbia county, between Lime Bidge and Espy, this same for- 
mation contains a little lead and zinc ore, and some prospecting has 
been engaged in. 

Chester County. — A few miles south of Phenixville, along Picker- 
ing creek, are a series of ore deposits of great geologic interest. A 
number of mines were operated here about 40 years ago, and consid- 
erable quantities of lead and copper were taken out. Since that time^ 
however, little work has been done. According to Whitney [:^<^4,j>. 
396 ], the Chester Mining company took possession in 1850, and, at 
that time, a drift 837 feet long had already been driven and about 20 
tons of lead ore and some copper had been produced. A furnace was 
erected in 1851, and about 90,000 pounds of lead were produced that 
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year. One of the principal mines of this group was the Whately. 
This, according to Rogers [ 193, vol, i,p. 701 ], was opened by a drift 
3072 feet long. Several other mines which were ore prodacers were 
opened in this neighborhood. 

The ore occurs in veins near the contact between Archean gneiss 
and Mesozoic red sandstone and shale. These veins may be on one 
side or the other of the contact, and, sometimes, they extend across it. 
They have generally a N.-E. course, though they vary somewhat in di- 
rection. The rock is much decomposed near the veins. Lead ore is 
» found chiefly in the veins of the gneiss, while the red shale veins are 
characterized by copper. Zinc ore is found in both, but perhaps more 
abundantly in the shale. The surface ore is principally phosphate of 
lead associated with the sulphates and carbonates. Galena is found at 
depths. Many other compounds of lead, zinc, copper and iron are re- 
cognized. 

Rogers expressed the opinion that these ores are derived from 
deep sources, and that they were injected into the veins by igneous 
action. In confirmation of this, he adduces the presence of pure sul- 
phur enclosed in galena. Further, he attributes the existence of galena 
at depths, and carbonates and phosphates near the surface, to the fact 
that galena condenses at a higher temperature than do the latter two 
compounds — a somewhat peculiar explanation of the results of atmos- 
pheric weathering. 

The rocks here are traversed by dikes, which are later than the 
overlying Mesozoic beds. The veins of ore are found to traverse 
and fault these dikes, and are hence older than the latter and are pro- 
bably of pre-Oretaceous age. 

Figures of production of lead and zinc in Pennsylvania seem 
never to have been compiled. Special effort was made to obtain them, 
through application to the state departments, but without success. 
From the figures already given of the TJeberoth mine, it seems proba- 
ble that the total production of zinc ore in the state is somewhere 
between half a million and one million tons. The production of lead 
ore must be considerably less. 

NEW JERSEY. 

One of the largest zinc ore deposits in the country occurs in Sus- 
sex county. New Jersey. Mining of this ore was started as early as 
the year 1860, and at that time these were the only deposits worked 
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for zinc on the American continent [334, p. 34s]. Lead as galena or inf 
other componndB ia not foand in New Jersey in Bafficient qnaQtities to- 
work. 

The important zino-prodacing loealitiee of the State are at Frank-J 
lin farnacB and at Sterling Hill, both in Saeaex coanty. The depoeits-l 
are abont two milea apart. 

Sterling Uill.^-The ore crops ont on the BOatheaBtern slope of a 
ridge to a height of about 100 feet. Prof. Oook describes the veins a 
conformable to the etratificacion of the white crystalline limestODes inj 
which they occur,* The dip is eteep to the sonlheast [52, p. 6iJ0\. ThaJ| 
thicknesB variea from 4 to 20 feet. The gaugne ia calcite. replaced in 
part by carbonate of manganese. Zinc minerals are diasemioated 
through this, but not uniformly. The principal deposit of ore is in the 
middle of the gangtie rock and occars in two layers or sheets paralleld 
to the walls. The upper of these sheets consists of franklinite, a com-J 
pound of oxides of iron and maganese with only about 24 per cent ofl 
zinc oxide. The lowermost of these sheets Ib principally the red oxide, 
carrying aboat 80 per cent of metallic zinc. The silicate, willemital 
(73 per cent zinc oxide), is also associated with these ores. At one 
mine considerable quanlilies of the hydro-silicate, calamine, were also 
found, which is oonsidered a secondary prodnet derived from the wille- 
mite and red oxide. 

Mine Rilt. — In the Mine Hill mine at Franklin fnrnace the ore^ 
are about the same, though the willemite is more abundant. The re( 
oxide is here comparatively Bcaree and occurs in grains and blotches. 
The ore in one part of the deposit here is also in two layers, thonglf 
elsewhere this division is not so plain. The gangae is the same as i 
Sterling Hill, and the country rock is similar white, crystalline liin 
stone, with which the vein is conformable. The vein occarB hertt| 
quite close to ( within 10 to 'iO feet of) the underlying Archean gueiea« 
The outcrop is about 3000 feet long, and, at its western end, bendd 
abrnplly to the east and extends thence about 800 feet in that direo^ 
tiou. An excellent deaoription of this deposit has recently been given 
by Mr. Naaon [153\. According to this the ore body is interbedded in 
the limestone, and lies in the shape of a syncline or trough, pitching 
steeply to the northeast. At the southwestern end the bottom of tlu 
trough reaches the surface. About 700 feet northeast of this end I 
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trap-dike crosses the basin at right angles. Dikes of granite also 
penetrate the limestone, but it is doubtful if they enter the granite. 
On the south and east sides of the basin the sheet of ore seems to be 
bent back upon itself in the form of a compressed anticline. The 
thickness at the bottom of the trough reaches as much as 100 feet ; on 
the sides it varies from 25 to 50 feet. From the results of recent 
drillings Mr. Nason estimates that there is here, probably, a body of 
ore 3500 feet long, 800 feet wide, averaging at least 25 feet thick. 

A number of large openings have been made at both of these lo- 
calities, principally by the New Jersey Zinc company, which was organ- 
ized in 1858, and later by the Lehigh Zinc and Iron company. The twa 
deposits have the same trend, and the northern One is in the extension 
of the southern ; but |in the intervening two miles the vein is not 
found. At these mines beautiful crystals of various zinc compounds 
occur, along with many other interesting minerals. Among these we 
may mention fowlerite, flnorite, sussexite and jeffersonite. 

An average sample of the Mine Hill ore is stated to contain 36- 
per cent ZnO, 22 per cent Fe, and 11 per cent Mn. Owing to the low 
zinc contents and to the large amounts of iron and manganese present,, 
this ore is not used for the manufacture of spelter, but for zinc white. 
It has been impracticable to separate these minerals mechanically. A 
high grade of spelter is made from the Sterling Hill ores, however 
[240, p. 361]. 

Warren County. — Near Oxford furnace, in Warren county, is a 
small deposit of zinciferous rock upon which a few prospecting shafts 
have been sank. The ore here is principally blende, and occurs in two 
vein-like sheets which cut diagonally across the bedding of a crystal- 
line limestone country rock. They are close to the gneiss contact. 
The veins are five feet apart, with white limestone between them. 

As already stated, lead does not occur in commercial quantities in 
New Jersey. Some galena has been found at the Andover iron mines, 
in gneiss. At the Sussex lead mine, near Howellsville, zinc blende and 
galena have been found in limestone adjacent to the contact with the 
gneiss, with which the beds of limestone are interstratified [52,p.68l]. 
The galena is disseminated in small strings and bunches. No vein or 
large pocket had been found at the time of examination, and no ore 
had been shipped. In the Oneida conglomerate of the Kittatinny 
and Shawangunk mountains, small quantities of galena have also been 
found. 
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MABYLAKD. 

The state of Maryland is credited with a few depoeits of zinc ore 
one of which gave promise of profitable developmeDt. Galena and 
other lead compoaods apparently occur m small qaantities. Dana [77. 
p. 1071] refers to galena, aiiglesite and cernseite, near Union bridge, in 
Carroll coanly, at the Mountain View lead mine. Id 1890 this deposit 
was opened and small operations were condncted for some lime |Wil- 
liamel- Galena is also reported to occur in a vein in limestone at Un- 
ion ville, Frederick county \55, p 9il; also 32J,\, at the Doiyhide copper 
mines: this ore is argenliferong and is in small qnantitiea. It also 
occurs in dolomite, at Oatoctin fnrnace, both of these localities being 
in the same county; also at Jone^' falls, in gneiss, near B;iltimore. 

Zinc blende is reported to have been mined near New Windson, 
in Osrroll county, where it, is associated with some calamine and smith- 
sonite. It also occurs with the galena in dolomite at Catoclin farnace 
\2^J,]. A deposit of zinc ore and some galena is described by Dr. 
Persifor Frazer, in Carroll county [SV, p. -l}]. This deposit occnrs on 
the land of Mr. Angnstus Roop, less than two miles sonth of New 
Windsor. It is associated with ores of copper. The country rocks 
are Lower Silurian limestone and underlying hydro-mica schists. The 
copper ore is found principally along the contact between these two 
rocks, but it also permeates the limestone to a distance of from 5 to 
15 feet from the contact. At one opening one line is similarly perme- 
ated with blende at about 10 feet from this contact. This is associated 
with ferruginous copper ore. Developments were not sutticient to 
show the amount of blende, but indicutions were favorable for an ex- 
tensive aass. At another opening galena and blende were associated 
with the copper ore. 

The limestone here lies in troughs and sharp eynclines, with over- 
turned dips at places. The full extent of the ore deposit had not been 
determined at the date of this paper; only prospecting had been an- 
dertsken. 

According to the figures of the Tenth censns, there were pro- 
duced in Maryland during the year 1880, 672 tons of zinc ore. These 
are credited to Frederick county. 
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VIRGINIA. 

The lead and zinc deposits of Virginia which have so far proved 
of commercial importance, are practically confined to the southwest- 
ern corner of the state and to Wythe county in that section. In the 
adjoining county of Palaski, and beyond this in Montgomery, large 
deposits are reported to exist [ ^^ p. 840,] [ 24.O p. 730^] and galena and 
sphalerite are known to occar in Smyth, Washington, Bland, Russell, 
Scott, Giles, Floyd, Grayson, Stafford, Nelson and Franklin counties ; 
but these occurrences do not seem to be of sufficient promise to jus- 
tify much exploitation. 

The principal deposits of Wythe county are at the Wythe lead 
and zinc mine, and at Bertha zinc mine in the southeastern corner. 
Other deposits are known to occur, but the developments so far have 
not shown them to be of great extent, and the distribution of the ore 
in them is found to be sporadic [ 14'5]' 

Wythe Mines. — The Wythe mines are the oldest and most exten- 
sive. They have also been known as the Union Lead mines and the 
Austin mines. The country rock here is an arenaceous magnesian 
limestone, known as the Knox dolomite, of Oambro-Silurian age. This 
rock is hard, much flexed and somewhat metamorphosed. The ore 
occurs in a hill about 250 feet high, which occupies an anticlinal axis. 
The deposit follows this axis. It is associated with brown iron ore. 
Shafts have been sunk and drifts have been run as low as the base of 
the hill, but little work has been done below water level. 

Yon Groddeck f ^26, p. 103 J describes the original deposits as irreg- 
ularly interbedded in the dolomite, in three layers 8 to 20 ft. thick, 
which are folded in the anticline along with the country rock. Prof. 
Stevenson [^^H] has designated them ^^ enormous impregnated de- 
posits." He describes a network of galena and blende veins in the 
limestone, together with masses of carbonate and silicate of zinc and 
galena of very open porous structure, which are probably of second- 
ary formation. The great body of the ore mined is of this secondary 
class, and it is found in or under clay, whence it is removed by open* 
cut work or stripping. This clay is 25 to 30 feet thick, and of a red 
color and tough consistency. In it the zinc occurs mostly as silicate 
and carbonate. In general the galena is fouad at lower levels than 
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the silicate or carbonate of zidc. The olay carrying these oreB snr- 
rounda domes or chimneyB of limeatone vhich have reeieted deeay. 
Concerning the origin of these ores, Von Groddeck expresses the 
opinion that they were simaltaueonsly deposited with the timestone 

Bertha Mines. — At the Bertha zinc mine and the adjoining Valley 
Cliff zinc mine the conditions of occnrrence are apparently the aauie, 
and are, perhaps, better shown than in the Wythe mine. The ore is 
obtained by stripping, and also by an ingenious system of nndergroiind 
mining between the clay and the limestone chimneys. The clay has an 
average depth of 81 ft. and some 3(1 cubic yards have been removed 
for every ton of ore | liS,p. G-.12]. In 1883 the opening was 425 ft. 
long and 60 ft. wide. In 1893 a strip 1500 ft. wide was worked [2J, 
p. -il ]. ThroHghont the area mined the times(one occurs in ridges and 
points, known as chimneys, over which are great thicknesaee of clay. 
The zinc ore is found under this clay cover in large and small ntassee. 
tilling depreasiona in the limestone and following along the walls of the 
latter, from which it is aometimea skinned off 1 145, p. o-i |. The 
ores of this mass are chiefly carbonate and silicate of zinc carrying 
abont 38'/r of metallic zinc. Some zinc blende also occurs dissemi- 
nated through the limestones, and in irregular bodies, from which the 
oxidized ores are doubtless derived. There is a remarkable absence 
of lead and no tin, arsenic, antimony, copper, bismuth or cadminin are 
revealed by analysis \Ci7,p, 11-2]. On account of its purity, the spelter 
from these ores commands a good market. Analysis has further shown 
that the clays associated with these ores contain at times as much as 
12 "„ of oxide of Kinc. A very interesting and graphic description of 
these deposits has recently been published by Mr. W. H. Case [■iS\, 

The deposits of the Wythe mines have been worked for over 140 
years. Mr. 0. B. Boyd baa recently written a very interesting sketch 
of their history [^6], prepared for the occasion of a meeting of the 
stockholders. According to this, the deposit was discovered by Col. 
Chiswell, a British officer, abont 175U. when wining of the galena was 
begun. Among other works, he drove a tunnel 25 feet through hard 
dolomite, in which galena was dispersed. Later, the deposit was 
worked for lead during the revolutionary war, and after this intermit- 
tingly by dilfereut individuals up to 1838. In I83C Rogers describes 
these deposits [ 19,.!. j), 130 J as then worked for lead alone, the zinc ore 
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being rejected. The product was haaled to Baltimore in wagons. In 
1838 the Wythe Lead Mines Company was organized, and continued 
work until 1848. up to which time they produced 3256 tons of metallic 
lead. In 1848 the Wythe Union Lead Mining Company was organized, 
which included the mines of the previous company. Under their con- 
trol there were produced up to 1858, 3807 tons of lead, while various 
outside mines produced 1,300 tons more. In 1858 there was another 
reorganization, and the Union Lead Mine Company was organized to 
control all previous workings. This company continued operations 
until nearly the end of the war, and was the principal means of supply 
of lead for bullets for the Confederate government. During the suc- 
ceeding years the following amounts were produced : 

Lead. 

Feb., 1858, to May, 1861 1288 tons 

May, 1861, to Feb., 1862 616 »' 

Feb., 1862, to Feb., 1863 421 »* 

Feb., 1863, to April, 1864 312 '' 

AprU, 1864, to Dec, 1864 293 '* 

The mining and milling plant, furnace, etc., were all destroyed by 
the Federals in 1864, but immediately after the war, in 1865, they 
were rebuilt. 

Between the years 1866 and 1877, Mr. Boyd states [37, p. 85] that 
over 10,000 tons of zinc carbonate were shipped north for the manu- 
facture of zinc oxide. Mr. O. J. Heinrichs estimates [100, p. 34-5] that 
the Wythe mines produced between the years 1838 and 1879, 12,167 
tons of pig lead. In 1880, according to the Tenth Census Eeports, 
there were 11,200 tons of lead ore and 10,448 tons of zinc ore pro- 
duced in the state. In 1883 the Wythe mines were producing at a 
rate of about 12,000 tons of zinc ore (!) per annum. The Bertha 
mines have been opened comparatively recently, but up to 1886 some 
12,775 tons of zinc ore had been smelted from these deposits. 

NORTH CAROLINA. 

In North Carolina the production of lead and zinc ores has been 
entirely incidental to gold and silver mining. The quantities of these 
base metals, though quite large in some localities, are in nowise ade- 
quate to have alone warranted the extensive and deep mining which 
has been prosecuted. The State, therefore, does not rank as a lead or 
zinc producer, though a good many tons of such ores have been mined 
and shipped. 
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Washington Sline. — This mine, id Davidson county, known later as 
the Silver Hill mine, is the most prominent of those yielding lead and 
zinc orea. The deposit was discovered about the year 183C. and was 
worked almost uninterruptedly until ISAH. It was again reopened about 
1855, and has since been the scene of large operations. 

The ore occurs here in a series of veins parallel to the stratifica- 
tion of the country rock, wbicii coesists of argillaceous schists. Em- 
mona classed these as Taconic [77, p. J*-Tj. The gangue is largely 
talcose, and the country rock adjacent to the lode is mach decomposed. 
There are two principal veins which are nearly parallel to each other, 
and are separated by a dislance of about 30 feet. They come together 
at a depth of 60 feet, but soon separate again and remain about the 
same distance apa,rt. The ores consist of a mixture of lead, zinc, cop- 
per and iron sulphides, carrying gold and silver. In the surface work- 
ings carbonate and sulphate of lead are found, together with native 
silver. The thickness of the vein varies, generally, from a few inches 
to 12 feel ; at one place it was as much as tiO feet, hut the ore is much 
mixed with horses of schist \!-2!), p. ;?6'0]. The total depth reached by 
the workings is about COO feet, and the mine is thus one of the largest 
in the Slate. An analysis of a sample from a large pile of the ore 
showed the presence of 17 per cent of metallic lead and 45 per cent of 
zino. This is probably not far from an average of the ore of the mine 
[hill, p. l.'toj. 

Only a few figures of production are available at present, Whit- 
ney states that in 184<1 [^i'SJ,, p. 400], 160,000 pounds of lead ore 
were produced, which contained Si24.O09 worth of silver and $7254 
worth of sold. In 1851 he gives the production aa 56,896 pounds of 
lead, containing $7942 worth of silver. In 1875 Kerr states ihat the 
pure ore was separated out by hand, and the remainder was huddled 
and roasted and shipped to New York for the manufacture of Bartlett's 
white lead. He gives the production at that date aa about 400 to 50O 
tons per mouth. 

Silver Valley Mine — This is in the same county as the Washington 
mine. It lies about 5 miles northeast of Silver Hill. It was discovered 
about 1880. The conutry rocks are simitar to siliceous and argillaceous 
schists. The gangne of the vein is quartz, containing little ore near 
the surface. The vein is Irom five to twelve feet in width, and is of 
laminated structure — the layers consialing of ore, slate and quartz. 
The ores at depths are similar to those of Silver Hill. Analyses show 
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them to contain from 15 to 55% of lead and from 11 to 32% of zinc. 
At the Wilborn mine, in the same county, similar ores have been foand, 
but little development has been made. 

In Cabarrus County^ the McMackin mine was worked many years 
ago, though it has been abandoned now for about twenty-five years. 
The ores and their mode of occurrence are similar to the Silver hill 
deposits. At the Allen Furr and Rocky river mine, veins carrying 
galena have also been discovered. 

In Union County galena and pyrite in quartz are found in veins, 
from three to four feet thick at the Smart mine. At the Lemmonds 
mine galena and blende are found in a similar vein which varies from 
three inches to six feet in thickness. Similar ores have been found at 
other points in this same county. 

In Montgomery County are also a number of occurrences of zinc 
and lead ores. The most noteworthy of these is at the Steel mine. 
Here galena and blende with iron and copper pyrite carrying gold and 
silver occur in a bedded deposit. The productive portion of this bed 
is nine to twenty feet thick, and in it the ore aggregates from 15 inches 
to three feet in thickness. 

Lead and zinc minerals are also found associated with gold and 
silver ores in Gaston, Cleveland, Cherokee, Wautauga, Wilkes, Mc- 
Dowell, and in smaller quantities in a number of other counties. From 
few of these have any ores been produced, however, and in some only 
surface specimens have been found. As defined by Hanna [130^ p. 188]j 
galena and associated ores in the state are practically confined to a 
belt which extends from the southern line of Union county in a north- 
easterly direction into the southeastern portion of Davidson county 
a distance of about 60 miles. The width of this belt is about five 
miles. 

TBNNESSBE. 

Lead and zinc deposits in Tennesse are found mostly in the eastern 
part of the state. They occur generally in the Knox dolomite, of Cam- 
brian or Silurian age. Though specimens and small veins and pockets 
have been found in almost all counties of this section of the state, 
workable deposits are few. 

In Union and the adjoining county of Claiborne are occurrences 
which Prof. Safford at one time thought promising [198, pp, 484 488]. 
At the Caldwell mine in Union county, and at other points, galena was 
found in thin veins and also in grains and nodules, scattered through 
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the dolomite coantry rock : some pockets containing several handred 
pounds of ore were also opened. The vein at the Caldwell mine was 
about 20 inches wide at the surface, and contained sheets of galena, 
blende and pyrite, aggregating five inches in thickness. 

In Bradley, Monroe, Jefferson and Davidson counties a nnmber of 
small lead mines have been worked in similar deposits. 

The most important occurrences of zinc ores, according to Saffordf 
are in Uniou, Claiborne and Jefferson counties. Reduction works were 
erected at Knoxville in 1883 \^i2o, p. 81 

The Stiner mine, in Union county, was three or four miles south- 
west of the Caldwell lead mines. The ores occurred in the Knos 
dolomite, in a net-work of veins containing smithsonite and calamine, 
with a little galena and blende. The veins varied in thickness from a 
few inches to several feet. 

At Mossy creek, in Jefferson county, zinc ores were mined and zinc- 
white works erected over 25 years ago. Beferring to these deposits, 
Prof. Safford writes* : " I have visited Mossy creek since the report 
(1809) was printed. There are many irregular veins. The rock ap- 
pears as if it had been broken up, and that then the mineral had been 
deposited in tbe crevices and upon spaces. In going down, the sul- 
phide becomes relatively more and more abundant.*' 

In Bradley county, near Blue Springs Station, new developments 
on a lead and zinc deposit hare been made during recent years. Of 
th(»He, Mr. A. L. Waters, of Blue Springs Station, writes that an open- 
ing KM) ft. deep and 200 ft. long has been excavated. Evidences of 
rephuroment of limestone by the ores seem good. The lead and zinc 
roinpounds are mostly sulphides. They seem to occur in two beds 
dipping about 70' X. K, 

•rhvHti' coininunlcatlon, October, ISiW. 
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LEAD AND ZINC DEPOSITS OF THE MISSISSIPPI VALLEY. 

The principal lead and zlnc-prodaciDg states of the Mississippi 
valley have been Wisconsin, Illinois, Missoari and Kansas. These 
have yielded very IsLVge quantities of ore, and continue to do so up to 
the present time. 

Lead mining began in the Mississippi valley early in the 18th cen- 
tury. It was then confined to southeastern Missouri. The Wisconsin- 
Iowa deposits were not worked until nearly the year 1800. The 
utilization of the zinc ores did not begin until the year 1860. To date, 
the total production from the whole region is in the vicinity of 1,500,- 
000 tons of lead, and about 2,000,000 tons of zinc ore. 

WISCONSIN. 

The areas, including the lead and zinc deposits of Wisconsin and 
immediately adjacent states, constitute collectively what has been 
called the Upper Mississippi lead region, in distinction to the Lower 
Mississippi lead region, which originally included only the deposits of 
eastern Missouri. There is great similarity between the deposits of 
the two regions, which, in itself, is reason for a somewhat extended 
description of these Wisconsin ores here. Moreover, these deposits 
have been subjects of more critical and exhaustive study than have 
the Missouri ores. We hence consider it important to enter with con- 
sideiable detail into a statement and discussion of the results reached. 

Area, — The state of Wisconsin contains about five-sixths of the 
Upper Mississippi lead region, the remaining one-sixth being distri- 
buted over contiguous portions of Illinois and Iowa. The area of the 
whole region is about 2600 square miles - its length in an east and 
west direction being about 65 miles, and its breadth in a north and 
south direction about 55 miles. It lies principally west of the Missis- 
sippi river and entirely south of the Wisconsin river. Within this 
region the deposits and ores are essentially of the same nature. Hence, 
under the present heading, we shall include a discussion of the whole, 
inasmuch as the Illinois and Iowa areas form part of this great whole 
and do not admit of a separate consideration. The brief references 
made to the deposits of these states elsewhere are supplementary, and 
not in repetition. 
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Topography The topography of the Upppr Missiesippi lead regie; 

is of the familiBr type of much of the Miasiseippi valley. It is a 
eroded plnCeaa in horizontal strata, through which the Btreams haveg 
cut siunons courses. These streams How through allavial plaiDS i 
valleys which themselves, iu turn, are bordered by low blufi's or cliff 
The local ranges of elevation are slight. The extreme is not over 501 
feet, and this exists only in the ease of tneeas or cones formed i 
ontliers or remnants of overlying strata now largely eroded. 

General Geology The rocks of the region iuclude Garobriati i 

Lower Silnrian slrala, and iu the extreme southern part, some Uppei 
Silurian or Niagara beds cap the hills. The section of this strata i 
given by Irving [ IJl, pp. 4^0, 40S ] is as follows : 
Formation . 

NiBgBrn dolomitlc limestone 

CiDcloaAti sbaleB 60-100 * ' 

iOftlena dolomt tic limeBtone S50-3T6 " 
Blue limestone Wl-75 * 
Buff ilolomltic llmeetone 16-» * 

St. Peters sand B tone BO-lOO'' 

Lower UagneslaQ (dolomltic) llmeBtooe JSO ' 

Potedam Baadetone- Berles 800-1000 * 

These strata spread over the region in great sheets, one upOD thj 
other. They have a general southward dip, such that in the northen 
part, along the Wisconsin river, the Potsdam saudstone and Lower 
maguesian limestone are exposed over broad areas. From here to the 
southeru line of the state, a distance ot nearly 50 miles, the fall of the 
galena limestone is about 500 feet. The surfaces of these formations 
are somewhat nndulating, due to inequalities of the floor upon which 
they were deposited. Oombining wilh these undulations aua this 
general southward sinking of the strata, there is also a slight trans- 
verse flexing of postOarboDiferous age along an axis ruQuing in a 
N. W.-S.E. direction, through the heart of the region. This axis passes 
approximately from Warren, on the southern border of the etat*, 
through Belmont, and thence N. W. between Lancaster and Fenimorf 
Center. What makes this line especially worthy of note is the t 
that it divides the region into two parts; on each side of it mines a 
thick, while along the axis, over a belt some 4 miles wide, none i 
importance occur, and few of any kind have been opened. This flexure 
is of very gentle nature, however, along the northern border of the 
region — the fall toward the east or west amounting to only 200 or 20( 
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feet in a distance of 25 miles. Certain minor flexing along E. to W. 
ores is also recognized ; this, though not producing prominent strac- 
tural features, is supposed to have had material influence upon the 
distribution and deposition of the ores. 

As is indicated in the section given above, the principal ore hori- 
zons are the Galena dolomite and the Trentoo, blue and buif limestone. 
Some ore is also found in the Cambrian, Lower magnesian dolomite, 
but the amount is of insigniQcant commercial value. 

The Galena limestone is by far the most important ore horizon, 
and, of this, the middle portion has been the most productive. It is a 
hard granular dolomite, containing frequently small cavities filled with 
softer material or lined with minute calcite crystals. Unaltered it is of 
a gray or bluish color, but becomes a yellowish gray on weathering. 
On long exposure it also acquires a rough, honey-combed appearance, 
due to differential weathering. Clay and siliceous constituents are 
distributed through the rock, and there are also thin shaly layers inter- 
bedded, which, combined, are the sources of much of the residuary clay 
of this region. Chert occurs in this rock in thin layers, as a rule more 
abundant near the middle and lower portion, though this is by no 
means constant. Shaly constituents are decidedly more prevalent near 
the base. Portions of the rock appear brecciated. The beds are gen- 
erally from one to four feet thick, but they are occasionally thin near 
the top and bottom. Fossils are comparatively rare, but there are 
indications of the former presence of abundance of life [JP, vol. iv^p. 
407 et 8€q]. 

The Trenton limestone is the next most important ore carrier. It 
is divided into an upper "Blue" and a lower "Buff" limestone, of 
which the first is the largest ore producer. At the top of the Blue, 
limestone, Strong [ J9j vol. it, p. 680 ] describes a carbonaceous shale 
constituting a line of demarcation between it and the overlying Galena 
dolomite. This shale varies from a fraction of an inch to a foot or 
more in thickuess, and, at one place, it was observed to be as much as 
seven feet thick.* The upper quarter of the blue limestone is thinly 
bedded and grades into the Galena limestone, though it is not dolomitic ; 
it is very fossiliferous and contains beds of clay and shale from two to 
three feet thick. The lower three-fourths of this blue limestone is 
heavily bedded, hard, compact, very pure limestone, known as "Glass 

* Mr. W. P. Blake 1b inclined to attribute to this shale and it contained carbonaceons mat- 
ter, much iLflaence in the formation of the ore bodies [ /r ] . 
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rook." Carbonaoeous matter is, however, prevalent throaghoat In 
these Bhaly seams and partings, and vegetable remains are also present. 

The Bnff limestone is a dolomitic rock, sparsely fossiliferons. The 
upper portion is heavily bedded and is known as Qaarry rock. The 
lower portion is thinly bedded and more fossiliferons. The rock is of 
even texture throughout. 

The St. Peter's sandstone, immediately beneath the Trenton, is com- 
posed of well-rounded grains of sand with very little cementing mate- 
rial, though the rock is generally very friable and soft. As a whole it 
is a remarkably pure, saccharoidal sandstone. The thickness is very 
variable, ranging from 100 to 200 ft. This is largely due to the irregu- 
lar and wavy nature of the contact with the Lower magnesian lime- 
stone beneath. This is a great water stratum and source of artesian 
water in the state. Only a little lead is found in crevices in the upper- 
most layers, which Chamberlin describes as thin, detached plates in 
narrow seams. 

The Lower Magnesian limestone resembles the Galena limestone, 
in that it is a coarse, rough, often brecciated, thickly bedded dolomite. 
It is more siliceous, however, containing, in addition to chert nodules, 
much difTusod silica and some quartz crystals in drusy cavities. The 
strata are much mingled with sand near the base of the formation, 
showing a transition into the underlying Potsdam sandstone. The up- 
per surfaoe of the formation is very rugged, indicating the action of 
erosion before the deposition of the succeeding St. Peter's sandstone. 
Organic remains are rare. As already stated, this is not an important 
ore horizon. 

The Potsdam sandstone consists of a great body of strata 800 to 
1000 ft. (hick. It is sometimes calcareous, in fact in the upper por- 
tion there is a considerable thickness of arenaceous limestone and 
iMdcaroouH shale. The formation is water-bearing and a source of arte- 
sian supply. No lead or zinc ores are found in it, but, further north, 
iron and copper ores are included. Under this formation is the irreg- 
ular Hurface or tloor of Archoan rooks, consisting presumably of the 
lluronian <iuartzito8 and quartz porphyries. 

The rocks of these vaiious formations lie essentially conformably 
one upon the other. It is true that some evidence of intervening ele- 
vation and erosion exists, but this not to the extent of non-conformity. 
Thus a breccia which characterizes the upper layers of the Lower 
Magnesian indicates such an interval. This has produced inequalities 
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of surface which cause the great variation in thickness of the over- 
lying St. Peter's. Chamberlin thinks that this has transmitted itself 
to the ovei lying strata also. Not, however, till toward the end or soon 
after the deposition of the Upper Silurian Niagara limestone was the 
region well raised above sea level. It then formed the Wisconsin 
peninsula in the Devonian and Carboniferous seas. Since that time 
the region has been continuously above water level, though subjected 
to surface oscillations. Thus, lowering of the land during Carbonifer- 
ous times probably brought the seas to within less than 100 miles of 
the area, if they did not actually reach it. The whole of this northern 
lead region is in what is known as the driftless, non-glaciated area. 
Thus, since the Upper^ Silurian epoch, the region has been subjected 
almost continuously to sub-areal erosion. As a result, only a few 
patches of the Cincinnati shale and of the overlying Niagara limestones 
are left. Whitney [235^ p. 124 \ estimates that a thickness of from 350 
to 400 feet of these rocks has been removed. 

Distribution of Ore Deposits, — As already stated, the principal ore 
horizon is of the Galena limestone, and of this especially the middle 
portion. The underlying Blue limestone, of the Trenton group, is also 
an important source of ores, particularly of zinc. In fact, it is a gene- 
rally observed rule that the zinc ores occur at lower depths than do 
those of the lead, even when both are found in the same crevice. 

With reference to structure, the deposits are noted to be most 
prevalent in depressions of synclines, and are comparatively rare at 
the crests of flexures. Chamberlin attaches much importance to this 
fact. Another consideration of interest mentioned by Whitney, is that 
deposits sink stratigraphically as erosion cuts deeper : that is, they 
extend into lower horizons, where the upper strata have been denuded, 
and thus seen to have closer relation to the surface contours than to 
the geological horizon. 

Geographically, the lead ores are distributed over the whole re- 
gion, but more thickly in the southern portion, about Galena and 
Dubuque. Zinc ores are more prevalent in the northeast about Min- 
eral Point, Mifflin, Linden and Dodgeville, where low beds are best 
exposed. It is considered possible that deeper mining would reveal 
these zinc ores elsewhere. In general, Chamberlin concludes that the 
ore bodies may continue at greater depths to the south and southwest, 
and that, though they probably originally existed in these rocks be- 
yond the Wisconsin river to the north, they gradually dwindled out to 
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the E., 8. E. and S^. W. The ores are generally moBt abnndant along 
drainage channels, or on slopes of water-sheds. 

Modes of Occurrence of the Orea.—Tbe ore first miued here was 
found principally in reBidiiary (slays near Ihe surface, and was known 
as float ore. Since then, however, the deposits have been generally 
fonnd in vertical crevices or flat sheets in the conntry rock. 

Vertical crevices characterize the galena limestone, and are pre- 
eminently lead'beariDg. They rarely exceed 100 feet in depth, but are 
often several hundred feet long. They sometimes exist as fine seams, 
tilled solidly with a thin sheet of galena. Elsewhere they expand to 
large caves as much as 50 or 100 feet long and 30 feet wide. At times, 
the walls of the crevice alternately separate and come together, so as 
to form several small caves, one under the other. In such caves, the 
ore generally occurs in masses or crystals; over the bottom, fragments 
of couutry rock and other detrital material are found iu the clay. 
Sometimes the filling is almost entirely residuary, and in places the 
strati li cation marfes are preserved with horizontal strings ; nodules and 
sheets of the ore traverse the material. When open above, Ihe remains 
of the mastodon, peccary, wolf and bulfalo are sometimes buried in 
the clays of these clays. To these openings the name of "gash vein," 
BO generally given to thfe deposits of this region, more particularly 
applies. 

Flat sheets are most abundant in the Trenton limestone. Like the 
vertical crevices, they may be filled with solid sheets of galena or 
blende, though often associated with a gangue of calcite and some- 
timeB of barile ; or they may be more or less open or clay-tilled spaces. 
A modification of these are the so called " Hals and pitcbee." These 
ores extend downward generally ou two Bides from a central flat ah«et 
in a series of steps, alternately transverse and parallel to a strata. The 
largest mines have been in deposits of this class. 

Ores are also fonnd in brecciated or honey-combed portions of the 
rock, and in caves and channels of irregular shapes and distribution. 
They also, in some places, impregnate the conntry rock to a slight 
extent. In general, they may be said to fill all the various crevices, 
cavities and interstitial spaces which characterize a decomposing lime- 
atone. 

Two principal eystema of crevices are recognized, of whicb tbe 
master system runs in an east and west direction and the minor sys- 
tem north and south. Subordinate to these are some quartering crev- 
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ices. Of the 4000 identified in the region, the namber belonging to 
each of these systems is estimated respectively at 60, 20 and 15%. 
The remainder are irregular deposits not included in this classification. 
The maximum length of any single range of crevices is about three 
miles. 

Faults with small throws were recognized by Percival as early as 
1856. Attention has recently been called to them by Blake [ i7], who 
appears to consider them of influence in the deposition of the ores. 

Ores and Associated Minerals, — The ores occurring in the crevices 
were originally almost exclusively the sulphides of lead and zinc, galena 
and blende; with these were associated pyrite, marcasite and chalco- 
pyrite, calcite, some barite aod dolomite, a little crystallized quartz, and, 
probably, some sulphide of manganese. Under the influence of the 
weather and the action of percolating oxidized waters, these original 
compounds have been changed in lar^^e part. The galena is oxidized 
sometimes to the sulphate, but generally beyond this, to the carbonate. 
The zinc occurs largely as the carbonate, smithsonite, known in this 
region as *'dry bone ; " this frequently replaces and assumes the crys- 
talline forms of calcite. Some hydro-carbonate and a little silicate of 
zinc are occasionally found. The iron and copper compounds are sim- 
ilarly changed to various oxidized forms. The galena carries only a 
trace of silver. It generally crystallizes here in the cubical form. The 
blende is generally dark and opaque, is sometimes in crystals, but 
more often massive and stalactitio. Crystallized calcite is abundantly 
associated with the ore ; but crystallized dolomite is comparatively 
rare. This is. attributed to the greater solubility of the carbonate of 
magnesia. Barite is abundant only at a few localities. Crystallized 
quartz is very rare. 

In the unaltered ore veins, the order of deposition of the original 
minerals is generally pyrite, blende, galena, and sometimes upon this 
pyrite again. These sometimes line the walls of cavities in concentric 
shells. One or more may be absent in any instance. Calcite is generally 
formed after these compounds, but it is irregular in this respect. Barite 
seems of still later formation and replaces calcite at times. Stalactites 
of blende or galena are sometimes found hanging from the roofs of 
cavities, and sometimes both are combined in one stalactite. One 
instance is cited where a crystal of galena terminated a blende stal- 
actite. The decomposition products generally coat the parent com- 
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pOQDds, bnt they are also aesoeiated with other miuerals somewhat 
indiscriminately. 

The relative qnantilies of zinc and lead ores are somewhat difficult 
to determine. From analyses of the prodnctions of large repreeenta- 
tire mines, Chainberlio reached the conclusion that the amonnts of the 
two metals were about equal. 

Source and Origin of Ores.— The Origin of the Wisconsin zinc and 
lead ores and their mode of accumulation have been oft-discussed qaea- 
tions. Perhaps the most remarkable esplauutiou oGfered by a profes- 
BJonal man is tiiat of Mr. Featherstonhangh [SO, p. -HO], who passed 
through the country in 1831 as U. B. Geologist. He speaks of the 
ores as igneons iojections similar to trap-dikes — a view no one familiar 
with the properties of these minerals could possibly advance. 

Dr. D. D. Owen [ IGJ], as the result of hie exaitiiDations during 
the year 1S39, expressed the opinion that they were derived from below 
and owe their origin to the underlying granite platform. Just how they 
were so derived is, however, not explained. Dr. Pereival, who was 
State Geologist in 1655, held apparently the same view. 

Prof. Whitney, however, who, during the years preceding 1862, 
made an extended examination of the whole region, emphatically op- 
posed the hypotheses advanced by Owen and Pereival, aud published 
his views in the report already referred to. The principal objections 
adduced to the theory of derivation from depths by thermal waters are 
the facts that faults are practically absent from the region; that the 
crevices are not deep and continuous like true fissures; that there is 
an entire absence of intrusive igneous rocks; that the underlying 
metamorphic rocks have been little disturbed since the deposition of 
the overlying sediments, aud that the Lower Magneaian beds cootain 
little ore and the Potsdam and St. Peter's sandstones none. Further, 
as Ohamberlin added later, these sandstones are heavy water carriers, 
and it is almost impossible to conceive how metallic solutions would 
have been transmitted across the water-soaked and porous strata with- 
out having been ditl'nsed through them ; it is further difficult to assign 
hydrostatic causes for the ascension of such sotulions here from great 
depths. 

Whitney's explanation starts with the assumption that the oceanic 
waters of the earlier Paleozoic times carried comparatively large qaan- 
titles of metallic salts in solution. The localizing of the deposits he 
attributes to the abundance of organic matter in certain strata, caus- 
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ing the redaction and precipitation of metallic sulphides at the time 
the rocks were formed. These were sabseqaently segregated into 
crevices. 

Chamberlin in his report [39, vol. iv] as State Geologist, as a result 
of further original and extended studies, adopts Whitney's explanation 
so far as the original source of the ores from oceanic waters is con- 
cerned, but departs from it in attributing the localizing to segregating 
effects of oceanic currents of the early Silurian seas. The ores were 
thus brought together and distributed through the sediments of the 
ore region. They were subsequently gathered into the crevices and 
cavities by the combined effects of the solvent action of waters per- 
colating through the rocks, and the precipitating action of the surface 
waters carrying organic matter which flowed down through such open- 
ings as reached the surface. His objections to Whitney's theory are 
principally that organic remains occur abundantly in other portions of 
the same strata, and at other horizons than those in which the lead 
and zinc ores occur. Hence the cause offered by Whitney for local 
concentration is not exclusive. The hypothesis elaborated by Cham- 
berlin involves the delineation of pre-Silurian land surfaces and the 
determination of the oceanic currents of that time. The conclusions 
he reaches do not share the objections urged against Whitney's, yet 
the process is of so highly a theoretical character that one hesitates 
about accepting it. 

Chamberlin further recognizes that the ore is still in process of 
formation or concentration, both through the action of the original 
causes and through surface decomposition of previously formed ores. 

Crevices and Caves. — The crevices and openings in which the ores 
are found, Whitney describes as originally simple joint-planes, result- 
lug in part from earth movements and partly frooi shrinkage attending 
the consolidation and crystallization of the limestone. Chamberlin 
goes farther and explains how all the different forms have originated. 
The crevices he shows are parallel to the axes of flexure and have been 
formed by the bending of the rigid limestone. They hence tend to 
gape toward the convex side of a fold, and to this cause the widening 
of crevices downward is doubtless often due, as well as the peculiar 
^^ flats and pitches." All crevices are further subject to enlargement 
and alteration of contents by percolating waters. The difference in 
vertical distribution of zinc and lead, Chamberlin assigns to selective 
chemical affinity. 
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Distribution of Mines The geographical dietribation of the on 

deposits and tbe location and direction of the crevices are shown 
great fullness and in detail in the maps accompanying Prof. Chamber- 
lin's report. From this it is eeeu thai the portion of the lead region 
Ijing sontb and west of tbe anticlinal axis referred to on page 136 is tlie • 
most productive, and that the priQcipal centers of mining are Piatte*! 
ville, SbulIsVinrg, Hazel Green, Dalinque and Potosi. The portion north f 
and east of this axis includes onl.y three important districts, namely:! 
Mineral Point, Linden and Dodgeville. In each of these districta | 
many important mines have been worked during the past flfty years. 

History and Statistics— Frevioas to I860 lead was mined excia- 
sively. Zinc mining began about that time and increased constantly,] 
and during recent years has been the principal object of work. Aboot 1 
Mineral Point some of the oldest and most prodnctive mines ii 
wbole lead region have been operated. Among the most important 1 
here is the old Ross mine, which up to the year 1877 is estimated to I 
have turned out not less than 4000 tons of lead ore, and twice as much I 
zinc ore. The Dodgeville mines have also been important producers. 
They have been operated since the early forties. 

Near Dubuque, the old Levins mine, as described by Whitney, waal 
an interesting type of a cave opening. The shaft first descended to al 
depth of 00 feet, when the fissure widened out to 30 feet. At a depthl 
of 130 feet, drifts were driven northeastward 875 and southeastward I 
about 300 feet. The cave-like expansion proved to be about 100 feetl 
long. The ore was found extending laterally and horizontally into ere* J 
vices between the stratification plaues, and it undoubtedly once «x-i 
tended in flat sheets across the opening. At the time of Whitney's] 
examination, as much as 1000 tons of lead ore had been taken out, and | 
as much more remained^ 

Near Linden are also a number of important mines. The diggings 
of the Linden Mining Co. were first opened in 1833. Up to 1863 there 
had been prodnct^d as much as ^0,000 tons of lead ore, and mucli 
larger operations were continued afterward. These diggings were also 1 
known a^ the Heathcock mines. Up to 1877, Chamberlin estimateKj 
that, all told, as much as 2l,odo tons of zinc ore bad been produced. 

These figures will suffice to convey some idea of the extent of the| 
workings and tlie nmonnt of the product of tbe larger mines in Ihis^ 
region ; we will now pass to a brief notice of the development of min; 
ing and the history of production. 
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The first discovery of lead in this region is thoaght to have 
been by Nicolas Perrot, aboat 1692; bat there is some doabt as to 
the authenticity of this report. More reliable is the notice that Le 
Saear found lead not far from the present soatlvern boandary of Wia- 
consin in 1701, in his voyage up the Mississippi. In 1766, according to 
Prof. Irving, Gapt. John Carver found lead in abundance at Blue Mound. 
The Indians then had ^^ float mineral " in their possession, but they 
did not know how to make metallic lead from it. 

The first mining, as already referred to, was at Dubuque, by Julian 
Dubuque, between 1788 and 1809. Brackenridge notes that in 1811 
the Sac and Fox Indians about Prairie du Ohien made 250 tons of lead 
with no other instrument than the hoe. Beyond this little or nothing 
was done until the year 1821 , when attention was attracted to the region 
by American explorers. By the year 1827 mining had become quite 
general. Since then it has continued uninterruptedly to the present 
time, though it has now sunk to comparatively insignificant propor- 
tions. The years of maximum production were 1845 to L84/. 

During th6 years of Dubuque's operations, lead was produced 
principally for local trading purposes. Figures of production for that 
time are not obtainable, but the amount could not have been large. 
Schoolcraft states that it was probably 10 to 20 tons per annum. For 
the years 1823 to 1853, Whitney gives a table of production for the 
whole region, which will be quoted later. For the years 1862 to 1876 
statistics of production were collected in considerable detail by Mr. 
Moses Strong, of the last Wisconsin Geological Survey, and were 
published in the latter part of volume II of the reports. The follow- 
ing figures are extracted from that report. They represent furnace 
productions by districts: 

TABLB OF LEAD ORE PRODUCTION BY DISTRICTS. 

Tons, 

Beetown district, 1868 to 1876, Inclusive 4,576 

PUttevlUe '• 1862tol876, " 6,274 

Potosl *' 1862tol876, ** 21,350 

HazelGreen *' 1862 to 1876, " 8,469 

New Diggings ' ' 1862 to 1876, " 14 ,593 

dhullsburgr " 1862tol876, *' 12,710 

MlneralPolnt *' 1882 to 1876, '* 14,604 

DodgevUle " 1862tol876, »' 9,636 

Highland ** 1862 to 1876, '* 3,760 

G— 11 
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From itemized statements of the above districts the following table 
of lead ore prodaction in Wisconsin is prepared : 

TABLB OF ANNUAL PRODUCTIONS OF LEAD ORB. 



Tons. 

1862 8,519 

1863 7,553 

1864 6,607 

1865 7,169 

1866 7,014 

1867 • 6,911 

1868 6,934 

1869 6,714 



7bft9. 

1870 6,877 

1871 6,743 

1872 5,812 

1873 4,959 

1874 4,813 

1875 4,589 

1876 to Oct. 1 4,374 



Total ft*cm JaD. 1,'62 to Oct. 1,'76. 95,4S8 



Oatside of these Wisconsin smelters, there were others in opera* 
tion in Iowa and Illinois which were producing at the following rates : 

RATE OF PRODUCTION OF LSAD ORE IN 1876. 



Ton*. 
Dubuque, Iowa, emelters 1,225 

Galena, IlllDOiB, emelters 1 ,700 



Elizabeth, Illinois, smelters. 221 

Warren, Illinois, smelters 100 



The total production of the whole region we are able to give with 
some fullness. Whitney's table for the years 1823 to 1853 is as fol- 
lows [S^^p. 4^1\' 

TABLE OF ANNUAL IJSAD PRODUCTIONS, 1823 tO 1853. 



1823 

1824 
1825 
1826 
1827 
1828 



Tons of Lead, 
168 



Ton» of Lead, 

1831 6,013 

87 1832 6,049 

I 

832 ' 1833 6,796 

479 1834 8,6M 

2,590 1835 9,485 

5,552 1836 12,766 



1829 6,671 1837 



10,879 



1830 



5,970 18.38 12,108 



W. 
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Tons of Ltad, 

1839 13,413 

1840 13,425 

1841 16,848 

1842 16,671 

1843 19,674 

1844 21,863 

1845 27,247 

1846 26,334 



Tomof Ltad» 

1847 27,042 

1848 23,869 

1849 22,012 

1860 19,900 

1861 16,693 

1852 14,302 

1853 14,903 



For the same period, and extending beyond it to 1876, Mr. Strong 
gives the following table \S9^ vol. n, p. 750] : 

TABLE OF LEAD PRODUCTIONS, 1821 TO 1876. 



Tons of Lead. 
1821 to 1831 23,244 

1831 to 1841 65,718 

1841 to 1851 215,979 

1851 to 1861 . . / 161,334 

1861 to 1871 84,700 



Tons of Lead. 
1872 7,000 

1873 7,000 

1874 6,400 

1876 5,400 

To October, 1876 4,500 



For the years 1873 to 1879, we have the following table, taken from 
the Mineral Besoarces of the tJ. S. for the year 1882 : 

TABLE OF ANNUAL LEAD PRODUCTIONS, 1873 TO 1879. 



T\)ns of Lead. 
1873 7,336 

1876 6,600 

1876 7,196 



Tons of Lead. 
1877 6,417 

1878 4,492 

1879 2,800 



About the year 1879, Irving estimated the annual production of 
the region at from 5000 to 6000 tons of galena. The census figures 
for 1880 are as follows : 

PRODUCTIONS OF LEAD ORE IN 1880. 



Tons of Lead Ore. 
WUconeln 1,728 



Illinois. 



772 



Iowa. 



Tons of Lead Ore. 
389 



Total 2,884 
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Daring 1886, according to the Mineral Besonrces of the IT. S., the 
production was as follows : 

PRODUCTIONS OF LSAD ORB IN 1886. 

Tolu of Lead Ore. 

About Shulleburg 612 

" Mineral Point 500 

'* Galena 50 

Daring the Census year of 1889, Iowa is not credited with any 
prodaction of lead, and the figures for Illinois and Wisconsin are : 

PRODUCTIONS OF LSAD ORB IN 1889. 

Tbna of Lead Ore'. 
Illinois 173 

r Iowa Co.... 406 

Lafayette Go 729 

Grant " 483 

Greene " 60 

Total 1851 

Zinc ores, as already stated, were not utilized until the year I860, 
and, hence, the figures of production are quite complete. The follow- 
ing table is extracted from Mr. Strong's report previously referred to. 
The ore, which was all consumed at LaSalle, III., came principally from 
Mineral Point; other districts shipping were Platteville, Gouncill Hill 
and Galena. 

TABLE OF ANNUAL PRODUCTIONS OF ZINC ORB, 1860 TO 1876. 



Wisconsin. 



1678 



SmithsoDlte 
tons. 



Blende 
tons. 



Smithsonite 
tons. 



Blende 
tons. 



1860 
1861 
18G3 
1864 
1865 
18G6 
1867 
1868 
1869 



160 
133 
560 
1,586 
2,099 
3,687 
2,590 
2,151 
2,274 



420 
1,539 
3,127 



1870 

1871 

1872 

1873 

1874 

1875 

1876 

Totals 



2,216 
8,909 
13,848 
10,969 
7,662 
6,939 
6,086 



69,467 



8,707 
4,662 
8,12S 
7*646 
9,761 
10,269 
8,690 



67,728 




kVVtw. 
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About the year 1879, Irving estimated the following production for 
the region : 

8mithB0Dlte 9,000 to 10,000 tons 

Blende 7,600 »* 

Total 16 ,000 to 17 ,000 tons 

The Census figures for 1880 are as follows : 

Illinois 3,000 tons zinc ore 

Wisconsin 4,617 " '* *' 



Total 7,617 tons zinc ore 

In 1886, the Mineral Resources gives the following figures of ship- 
ments : 

From Shallsburg 715 tons of zinc ore 

From Benton 2,275 " " *» " 

For the Census year of 1889 the production is given as fellows : 

Iowa 450 tons zinc ore 

flowaCo 16,996) 

Wisconsin ^ Lafayette Co 7,132 y 24,832 " " " 

(GrantCo 704j 

Total : 25,282 tons zinc ore 

For the year 1893 Mr. Blake gives 3500 tons as the production of 
zinc ore [195, vol. it, p. 625]. 

Imperfect though the above figures are, they are yet sufficient to 
show that a comparatively small part of the lead product of the State 
has been mined during the past forty years, and that the rate of pro- 
duction is steadily declining. The zinc oreproduction, however, which 
declined during the latter seventies and early eighties, showed a strong 
revival in 1889. The figure for 1893 shows an equally strong decline. 

ILLINOIS. 

Both lead apd zinc ores are found in Illinois, principally in the 
extreme northwestern corner of the state, in Jo Daviess and Stephen- 
son counties, which belong to the Wisconsin area. Small quantities of 
both metals have also been found in the southern extremity of the 
state, in Massac and Hardin counties. 

The ores of the northwestern corner consist of galena, accom- 
panied by very little carbonate or sulphate, and of zinc blende and the 
carbonate, smithsonite. The ores occur here principally in the Galena 
limestone, but are also found in the underlying Trenton rock, known 
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as tb» Blae limeetOQe. Tbe former ie a dolomite, the latter consist 
partly of purely calcareous beds. 

The priiicipal area of miniDg in this district has been in tbe vicinity 
of Galena. Whitney [SS.^p. 1S5], writing somewhere between 1861 
and ISfio, states that nearly all the oreprodncing diggings are included 
in a radius of foar miles from a point a little northeast of Galena, and 
probably nine-tenths of the ore raised comes from this territory. This 
country was settled about the year lJi20, and lead mining was in actual 
progress by 1827. Whitney states that the period of greatest lead 
prodnction was from 1840 to 1850, the maximum being aboat 1845. At 
the time of writing his report, five lead furnaces were being ran in 
Illinois. Tbe zinc ore was made do use of during early years of lead 
mining, but, later, attempts were made to reduce it. and in the early 
sixties zinc smelters were erected at LaSalle and Mineral Point, in 
Wisconsin. These will be referred to later. 

The prodnction of (his district in Illinois it is almost impossible 
to obtain, inasmuch as the shipments are included with those of Wis- 
flousiu and adjoining Iowa areas. Figures for the whole district have 
already been given in connection with the Wisconsin deposits. At 
the present very little mining of either lead or zinc is being done in 
Illinois. 

The deposits of Hardin and Massac counties, above referred to, 
are found in vertical crevices or veins in the St. Louis limestone. 
Similar bodies occur across the river in Kentucky, and will be de- 
scribed at some length in the nest section. The principal vein is near 
Bosiclare in Hardin' county. It was discovered about 18.19. This is 
termed by Mr. J. G. Norwood [iij'f', j>. Jft5] a ''gash " vein. The ore 
consists of galena and zinc blende, with a gangne principally of fluor- 
spar, banded with the typical ribboned structure. The galena coDtatUB 
nearly as much as nine ounces of silver to the Ion. Several veina are 
recognized here with courses varying from N. 3° E. to N. 35° E. These, 
according to Emmons, occupy faalt fissures [-V?, p. .!i]. In places the 
vein is enlarged to cavern-like dimensions. Thus, at the Good Hope 
engine shaft, a cavern was encountered 10 to 12 feet wide, 30 feet long 
and as much as 20 feet deep, with sides and top encrusted with fluor- 
spar, while the lower half was tilled with decomposed spar, ochreoae 
clay and loose masses of galena. Pockets in the limestone coated 
with galeaa crystals were also found. The Lead HitI mines in this 
county are also in a deposit of note. These veins of southern lUinoiB, 
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though of au intereBting character, have been comparatively small 
producers of lead, but have been qaite extensively worked during 
recent years for fluorspar. An excellent and recent detailed descrip- 
tion of these deposits is given by Mr. S. F. Emmons, in the paper 
above referred to. 

^ During the Census year 1880, the total production of lead ore in 
the state is given as only 772 tons. That of zinc ore is placed at 3000. 
In 1882 the Galena district is referred to as still an important zinc- 
producing camp [^^0, p. 366], but, according to the Mineral Eesources 
for 1883 and 1884 (p. 426), lead mining had almost ceased in the state 
at that time. In the Census returns for 1889 no zinc ore is credited to 
Illinois, and the production of lead ore is only 173 tons. 

KENTUCKY. 

The State of Kentucky, though not classed as a producer of lead 
or zinc, contains yet some extremely interesting deposits of these ores 
which have been operated to a small extent. These deposits occur 
in the western extremity of the state, principally in Livingston, Crit- 
tenden and Caldwell counties, in the low-lying country traversed by 
the Ohio and Cumberland rivers and their tributaries. They are asso- 
ciated with the St. Louis limestone of Lower Carboniferous age, and 
belong to the same group as the Rosiclare deposits, across the river in 
Hardin county, Ills. In other parts of the state galena is reported to 
occur sparingly [ 65, p. 735 ] in the same rocks in Anderson, Fayette, 
Livingston, Owen and Cumberland counties, associated in places with 
barite and fluorspar; also in Carter county in the eastern part of the 
state, and in Boyle, Mercer, Garrard, Jefiferson, Woodford, Anderson, 
Franklin and Henry counties in the center of the state. 

The lead region of Livingston, Crittenden and Caldwell counties 
was examined and reported upon by C. J. Norwood in 1875 [ 159, p. 4.57 
et seq,] According to this report, the existence of lead was known 
to the early settlers, and the ore was mined to a small extent by 
them. During the years between 1865 and 1875, however, most of the 
exploration was done, and the greater part of this during the last two 
years of that period. No extensive mining was, however, undertaken. 
The shafts were generally from 10 to 50 feet in depth, and only in one 
instance, at the Boyal mine, did a shaft extend as deep as 175 feet. 

In Livingston County the ore is described by Norwood as occurring 
in a fissure between limestone and sandstone walls. The sandstone, 
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which iB qnartzoee and clierty id character, appears to be in the sbspij 
of a wedge in a crevice in the limestone. Tliie wedge is sooietimes & 
feet across, bet is generally under 25 feet. It stands nearly vertical, 
or dips at angles of from 60° to 80°. The roche on either side of the 
sancletoue, he states, are seldom of the same ape. The esplauatiou 
offered for this pecaliar pbenomenoii is: that the enclosed eandstoSil 
bed was originally part of a horizontal layer overlying the contigiiott 
limestone; that the country was traversed by great earth movements,"" 
producing fivalts and open tissnres, and thai Ihe slab of sandstone was 
precipitated into these fissures by a snbsequent movement. This, to 
say the least, in a somewhat remarkable explanation. Mr. NorwoodB 
himself states that snch sandstone is not recognized in place in boil 
zontal strata iaimediately about the deposits, and that dike like maBSftB] 
of sandstone are freqnently found protruding from the groand 
[i.;,'', p. J,6!i]. Emmons [A'j] defines these "dikes" as vertically sheeted 
masses (presumably of the country rock), produced by fault movement, 
and subsequently silicified. If the rock has anything of the iPxtm 
of a sandstone, it is OifHcult to see how such a cause coald prodai 
such an effect. Without bavinn personally examined the ground, if* 
may perhaps be hazardous to otTer a subslitute for these e:iplanations. 
From known occurrences in Missouri, however, we are inclined to 
think that these vertical and dike-like sheets of sandstone resaltf 
from the silting of sand into ere\ice8 previously formed in the lin^ 
stone. These crevices may have originated through faulting, or maj 
be along contraction joints. Their enlargement is probably in all cases 
due to the solvent action of percolating wuters. Sand of a later geo- 
logical formation would naturally settle readily into such crevices, au^ 
would become consolidated there. The tiow of percolating waten 
after the emergence of the rock above water level, would tend to pi< 
duce fresh openings along the contact between the sandstone and lime" 
stone country rock. The sandstone, being a good water carrier, would 
hasten this action on its lower side. In such secondary crevices the 
ore and associated irangue are now found. 

The ore in these crevices consists of granular and crystallin 
galena in a gangue of tluorspar, calcite and limestone associated, i 
sometimes mixed with red or greenish clays. The evidence of exten- 
sive faulting leads to the conclusion that the tissnres extend to great 
depths, but the ore-bearing portion has not been found to eslei 
below Ihe base of the Lower Carboniferous limestone. 
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Concerning the derivation of the ore, Norwood conclades that 
metallic Bulphides existed originally as bedded veins, or as segregations 
and impregnations in and near the top of the St. Louis limestone. At 
the time of faulting and fissaring, he suggests that the metal may have 
been mechanically thrown into the crevices, as was the sandstone, in 
the manner above explained. Or, what is more probable, he suggests 
that the ore was eliminated from the overlying and decomposing lime- 
stone and redeposited from the solutions in the fissures below. The 
order of deposition he states to be first galena, then fluorspar, and 
later calcite. He is emphatic in stating that the theory of the deriva- 
tion of the ore from above rather than from below is necessary to 
satisfy all requirements. The fluorspar has a bituminous odor, and 
bitumen is often found in crevices here. 

Three faults or lodes are recognized traversing this county. The 
Fairview fault is near the western edge, and has a course of N. 32° E. 
It is considered to be the same as that of the Eosiclare vein in Hardin 
county, Illinois. The other two are the Latrobe and the Excelsior, 
through the southern portion of the county, which have a course of 
from N. 30° E. to N. Sl^ E. 

The Royal Mines^ near the mouth of the Cumberland river, are 
located on the Latrobe lode. As these mines are the most important 
of this district, we will repeat here, briefly, part of the description 
given by Mr. Norwood [1'59, p, 470] : 

*' These mines, formerly known as the * River Valley mines,' are situated on 
the CuQiberland river, near a well-lsnown knob designated as * Bisseirs mount.' 
Of the three shafts sunk, only one is open for work at present ; it is 175 feet deep, 
being the deepest of any in southwest Kentucky. 

The shafts are situated on the Latrobe lode, the character of which Is well 
defined. On the west side of the fissure, which varies in width from 8 to 15 feet, 
the St. Louis limestone is exposed, showing a thickness of 105 feet. On the east 
side the quartzose sandstone is also well exposed, exhibiting a width of about 12 
feet and standing nearly vertically, Inclined at an angle of perhaps 75 degrees. 

Immediately east of the sandstone, thin limestone beds of the Chester Group 
crop out, resting on edge. Then the limestone terminates and blue calcareous shale 
comes to view. One hundred feet beyond where the shale sets in the rocks are 
OQce more nearly horizontal, a jointed sandstone (eqaivalent to the sandstone seen 
at Smitbland ?), some 10 feet or more m thickness, coming to view, standing out in 
a v( rtical escarpment. 

All the rocks included between the St. Louis limestone and this Chester (?) 
sandstone are tilted at high angles, dipping about southeast. The St. Louis lime- 
stone, however, is almost horizontal, and the Chester sandstone dips very little; 
course southeast. The sandstone is about on a level with the top of the St. Louis 
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llmeBtooe. There is evidently a. verj conBlderable drop \a tbe locks where tlM 
eandBtone is exposed, ae the BIsBell mount shows at least 75 feet of additions! liouq 
atone comiog above that at the shafc. 

Very llltle knowiedge concerning the new abaft was gained, but Mr, Walto 
the superintendent, states that the qaurlzose sandstone disappears at 150 feet fro 
tbe top of tbe shaft, and limestone takes Its place. 

The lead le sprinkled tbrougli flaorspar la graniilea, gmtll cubes and bunohea. 
The masses of galena vary from less than tbe size of a pea to crystals half ao 
inch In diameter. 

According to tbe stfttemeot of Col Callahan ( formorly one of tbe proprietor! 
of the mine), the fliiorapar (carrying galena) was met with at l-t feet below Cbe 

The spar was about two feet wide, with blue clay on eich side of it, raaklog 
up eight feet, the width of tbe lisaure. The clay had many " boulders" ofiiuarlz- 
ose (?) rock, with drusy cavities set with llaorspar crystals. Thin seams of duor- 
Ite and of catcite also occurred in tbein, as well as occasional particles of lead. 

This was the structure of tbe vela for the Srst ten feet. At that depth the 
spar disappeared and tbe entire Assure was filled with clay and boulders. Tbe 
lead disappeared with the spar, and was found on the hanging-wall. 

This con tinned for about 50 feet. Then there was 40 feet of "porous rook." 
wltb a little clay on each side. No lead was found In il, but wis still seen coating 
the hanging wall. Upon passing through tbe " porous rock" a siliceous bed, con- 
talnlug mostly lluorspar, was encountered, and oonstltuied the vein for 35 f 
2{o lead was found In It. At the termination of tbe'JS feet a dark, green shale. 3 H 
6 feet thick, full of Iron pyrites, was entered. Upon passing through tbe si 
fluorspar, bearing galena, was once more obtained. 

The foregoing Is, of course, not presented as being strictly accurate, but II 
sufficient to show the great irregularity In the Structure of the vein." 

In Crittenden county, the le&d deposits are in inaii; reapecto siiuilaj 
to those of Livingston connty. They occur in the same rocks andarf 
fonnd Id crevices. Id some of these a, sandstone wall-rock occarl 
also. At most of the miDea, however, tbe wall-rock is liioeetone < 
both sides of the crevice. Usually, a\so, the mass of the rock ii 
ersed by tissures ruouiDg in various directions, and is honey-combed b 
caverns and smaller opeuinga. The galena is associated with Aam 
spar, calcite, blende and siliceoaa matter. 

The Columbia minei, abont five miles west of the town of Marioaj 
are the oldest in tbe southern part of the state. Here the Glass sbal 
was in operation at the time of Mr. Norwood's visit, and the depori 
is described as follows : 

"Tbe galena lies In large masses and cubes, distributed through itui 
calospar and silicenns material, tbe latter predominating. Tbe depth of tbe t\ 
at tbe time when the mines were visited was said to be 38 feet, the width of t1 
vein varying from one to live feet. 
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Id Bin king the shaft, the. material passed through in the first 19 feet oon- 
sisted of red clay, with fragments of limestone and masses of galena enclosed in 
spar and siliceous matter, distributed through it. According to Bir Tompkins, 
two wall-rocks were found at this depih, limestone on the west and sandstone on 
the east, continuing thus to the bottom of the shaft, with no clay between, except 
in cavities in the vein material * 

In the next 10 feet the crevice varied from one to five feet in width, entirely 
filled with spar and siliceous matter bearing galena. 

About 20 per cent of the material taken oaf of this space was lead. In the 
lower eight feet the vein averaged four and a half feet in width, with an increase 
in the percentage of lead. Judging from the appearance of the material piled 
near the mouth of the shaft, the percentage of lead may be estimated at one-fourth 
or a little more. This may be an over-estimate, however, as there is much zinc 
blende accompanying the galena. 

Work at this shaft was suspended when the locality was visited. Mr. Glass 
states that there was no perceptible decrease in the quantity of lead toward the 
bottom. 

*At the time of my Vielt ilie ehafc had 16 ft of water in it, and no opportanlty was afforded 
me to Bee the Bandstooe. I cannot, therefore, acconnt for its prpBence. It is not vieible on the Bar- 
face, and this Ib the only Bhaft in which Bandstooe is reported. The walls of the one Jnst a few 
yards north as well as of all the others are Hmettime.** 

In Caldwell County^ the galena generally occars tilling small cavi- 
ties or in bunches on the walls of the cavern. At Mr. Marble's shaft 
are several veins having a nearly east to west coarse. The width of 
the fissures is very irregular. The deposits of this county resemble 
those of the Columbia mines of Crittenden county more than they do 
the Livingston county deposits. Very little development has been 
done here, however, and the opportunities for the study of the de- 
posits were few and poor. 

IOWA. • 

The lead and zinc district of Iowa is, like that of Northern Illinois, 
part of the larger Wisconsin area, which has been described at length. 
Only a brief reference will hence be made here to the Iowa deposits. 
The productive mines of the state are confined to the vicinity of 
Dubuque, in Dubuque county. Hmall deposits have also been operated 
in the southeastern corner of Clayton county, south of the mouth of 
Turkey river. Further, galena and some blende have been found 
farther north, in Allamakee county, near the Upper Iowa river. The 
deposits of Dubuque, as well as those of Clayton county, are contained 
in the Galena limestone and in the underlying Blue or Trenton lime- 
stone. The ores consist principally of galena; some blende, as well 
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as Bmithsonile and calamine, are fODod in the lower workings. These 
ores occur in vertical creciccB and " opcDings" and in flat sheets. 

Mining was begun about Dubuque before the eud of Ihe last cen 
tury, according to Whitney [JJ<1, p. f-'-J |, by Jntien Dnbnqae, who 
obtained a grant of land on the wt^st bank of the river. The conntry 
did not pass out of the possession of the Indians, however, anlil about 
1830. In the years immediately following this, lead mining was actively 
prosecuted, and has been intermittingly cDntinued np to the present 
time. 

Statistics of production for this Iowa area, apart from the ad)a- 
cent Wisconsin and Illinois areas, are few and difficult to obtain. 
White wrote [ '^-J", rol. it, p. .'i.HH \ in 1870 that lead mining was then in 
a moderately prosperons condition in the state, thongh ii had been 
more so in the past. He further stated that no practical use had been 
made of the zinc ore so far. Id the lleport of the Tenth Census, Iowa 
is credited with the production of 3*4 tons of lead ore, but do zinc 
ore. In Bulletin SO of the Eleventh Census, Iowa does not appear as 
a producer of lead, but 450 tons of zinu ore are stated to have been 
produced there during 18*9. 

MICHIGAN. 
Michigan, though a great mining state, is apparently destitnte of 
lead and zinc ores. Only a few occurrences of the compounds of 
these metals do we find recorded [ J?, p. lusa ], and these are all in the 
Upper Peninsnla. Thus, in Marquette eonnly galena, and sphalerite 
are found at PreBi|Ue Isle, at Marquette and ia the Holyoke mining 
district. In Gogebic county these minerals occur at Copp's iron mines. 

MINNESOTA. 

Minnesota is, like Michigan, a state in which lead and zinc com- 
pounds occur only in very small quantities. Notwithstanding the fact 
that the Gulena limestone and underlying Trenton beds, which are such 
prolific sources of Iheae metals in the adjacent states of Wisconsin 
and Iowa, extend into Minnesota, they are tere almost barren of the 
ores. Thus, iu Fillmore county, in the southeastern corner of Ihe state 
adjoining Iowa, the Galena limestone is abundantly exposed, bnt no 
ore is found in the rock, though occasional lumps of galena are scat- 
tered over the surface [ ^'^.S, vol. i, p. S19 ] \'2i.'„ p. G9\. Winchell notes 
this fact ( as well as the absence of the ore in the Trenton rocks 1 in 
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evidence that the age of the rock has notbiDg to do with the priesence 
of the ore ; that it is to be attributed to extraneous causes. 

In Olmsted county, fragments of galena are sometimes found on 
the surface ; it is also reported to occur at Duluth, in St. Louis county. 
Zinc blende is found at Stillwater, in Washington county [ SJf^ p. 698\. 

In Winona county, Winchell [ ^^^, vol. ?, v- ^^9 ] refers to the oc- 
currence of galena in a crevice in the St. Croix sandstone at the base 
of the Cambrian. A few shallow shafts were sunk here many years 
ago, and more recently another one. The galena occurs attached to 
the walls of the crevice, which follows a fault plane. It is in part 
changed to carbonate. Spme pyrite is also found. Galena is also dis- 
seminated to a certain extent through the country rock adjacent to 
the crevice. Near the top of the bluff, close to the shaft, galena is 
also found sparingly, in fine joint crevices, accompanied by calcite. 

KANSAS. 

The lead and zinc-producing area of Kansas is an exceedingly 
small one. It is situated in the southeastern corner of the state, in 
Cherokee county, adjacent to the Missouri line. Most of the pro- 
ductive mines are ir eluded within a radius of a few square miles of 
the town of Galena, and they all lie east of Spring river. 

A small quantity of galena has been found in Miami and Linn 
counties, where a number of attempts have been made to mine the 
ore, but none have proved remunerative. The galena occurs in small 
crystals in a large body of Coal Measure shales ; also in thin laminae 
between beds of sandstone and shale. According to Swallow, these 
shales are somewhat disturbed and fractured [218, p. 58]. The deposits 
are of no commercial importance. 

The ores of Cherokee county occur in Lower Carboniferous lime- 
stone. The bodies fill great cavities in the country rock. They con- 
sist largely of fragments of chert, in places cemented by a dark 
quartzose matrix. Elsewhere, the spaces between the chert fragments 
are filled with clay, sand and other residuaif^ products. In this mate- 
rial, as well as in the dark quartzite, the metallic minerals are found. 
They consist principally of zinc blende and galena. These deposits 
belong geologically and commercially to the Joplin district of south- 
western Missouri, and are in all essentials similar to the latter. They 
hence receive full attention in the description and discussion of Mis- 
souri ores. Further reference to them, therefore, will be omitted here* 
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Lea I ore* were discovered in Cherokee connty aboat 1872, and 
mluiu^ wai» beg:au $ooq after. The prodaction of this Kansas field is 
gt!»uerHll>' included in statements incladingthe whole Kansas and Mis- 
souri lead Ukud ziuc district. In the table of prodnctions by states p^iven 
iu chapter VI, a sepamtion is made. Data of lead ore productions 
are very scarce. 

kVevious to 1591 some lead ore was smelted in Kansas, bat since 
that time it has all been sent out of the state, mostly to St. Louis and 
Uliuois. Ziuc ore« however, is smelted in large quantities in Kansas, 
luuoh of the Missouri as well as the Galena product supplying the 
turuaccs. There were daring recent years a^ many as 76 furnaces in 
the «(ate [•>^\ ^* KT]. These are located at Weir City, Pittsburg, 
Uirard, 8c<iuimou and Galena. Further reference will be made to 
i\\iMk^> t'uruaoes and their processes in the chapter on the zinc industry. 

ARKANSAS. 

IHic most uoteworthy occurrences of zinc and lead ores in Arkan- 
S4I4 aio \u the uortheru portion, especially in Marion county, but also 
iu liulopoudeaoe^ Sharp and Lawrence, in Searcy, Newton, Boone, 
Ouirall, \liuiisou aud Washington counties. Deposits of these ores 
hUu ooour iu the ceutral and southwestern portions of the state, in 
I'uhitiki, Mout^oiuerv, Pv>Ik, Pike and Sevier counties; in these, how- 
ON 01, tUo /.tuo aud lea 1 coutents are of subordinate importance, silver 
uiid uuuuu»u> tnnux the substances principally mined for. 

Sin that H [tkansui^, — The deposits of the northern portion of the 
dUiio, ikn cvhibued iu Carroll, Boone, Marion, Sharp and Lawrence 
rviuiiUo.^, iHHuu iu uia^uesiau limestones of probable Silurian age; 
wliilo Hi NVi4i«hiu>;tou, Madison and Searcy counties lead ores are found 
U( Ihuoaiouo ot Lower Carboniferous age. At many of the points, 
l4ovvo\oi, \nUoio load ores have been noted, merely loose fragments 
Ik.iso i»ooi» louuii, aud uo welldetined deposit is developed. 

I Uo vaoH of tiu^se counties were described by Owen [2o8^ pp, 46-241] 
.1 ♦ im ..,iiluil\ viKsiiibutcd iu crevices and along joint-planes, which are 
oiini \oiiuiil uiul have generally a northeastern to southwestern trend. 
iiu u iii'\tvi'N Uiqucutly enlarge into pockets or cavernous spaces 
itiUil \MiU oic, vla\ and other gangue. At some points the ore has 
hMj.u . u.ui vl ooiiaiu strata, and thus occurs at a definite horizon. H. 
\[ { u.iiu o di'>^oiil»os Nuoh in the lUish creek district in Marion county 
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[41, p. 505], One Buch horizon recognized there is above drainage 
level and hence is readily attacked in mining. 

The zinc ores consist principally of the carbonate ( smithsonite ) 
and the sulphide (sphalerite); some silicate (calamine) is also found. 
The lead ore is principally the sulphide (galenite), but the carbonate 
( cerussite ) is also found. Only desultory mining has been done in the 
deposits of these northern counties, and comparatively little ore has 
been excavated, and still less has been shipped — the means for trans- 
portation being very poor. From Marion county, some shipments have 
been made in flat-boats, down White river to Batesville, amounting to 
^50 tons in 1892 [ 195^ voU t, p. 466 ]. During the Census year 1889, the 
production of the state was 130 tons. 

Personal examinations of a few of the openings in these ores were 
made by the writer in the spring of 1893. The following paragraphs 
are prepared from notes taken at that time : 

Dodd City, — Tbe Marble mine was situated about a mile north of Dodd City, 
In Marlon county. A ehaft was sunk 70 ft. deep, passing through the following 
Fection : 

1. Ore body, consisting largely of broken chert, with blende, calamine 

and smithsonite 54 feet 

2. Open ground, consisting of sand anJ angular fragments of quart- 

zlte— DO ore about 12** 

3. Limestone breccia containing blende ** 4** 

The Immediately adjacent country rock Is a hard sandstone or quartzlte. The 
ore eeems to occur in a pocket filled with fragments of this sandstone, cemented 
by a drab secondary chert, in which latter the blende Is found disseminated. 
The ground Is very hard. A little lead was found near the surface. Some calclte 
occurs, but no pyrlte. 

The Bear HUI shaft Is about two miles southeast of Dodd City. The shaft 
was probably 90 or 100 ft. deep. It penetrated a drab limestone In which blende 
was found in crystals in crevices between fragments. A tunnel driven Into the 
hillside, about 10 ft. below the top of the shaft, entered a breccia of sandstone and 
limestone fragments cemented by a sandy matrix. Clay openings found In this 
contained smithsonite. The top of the shaft Is al>out 40 ft. below the base of the 
marble beds belonging to the Lower Carboniferous Boone chert of the Arkansas 
Survey. Under this, are beds of drab magneslan limestone and white sandstone, 
some of the latter being hard and indurated. The beds of limestone and sandstone 
seem to merge Into each other. 

The Beaty or New South mines, are in section 1, township 19 N, 17 W. The 
ore occurs about 100 ft. below the marble beds. It Is exposed In the bed of a 
creek. In a stratum of biecciated limestone, about 3 ft. thick. This rock consists 
of angular fragments of drab limestone, held by a calcareous matrix. In which the 
blende is found . The stratum is apparently not continuous, but passes Into un- 
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broken rock, Above tbls gtratum are openings In tbe msKQealaa limestone nhu 
also oontalQ ore. U<nlng baB been done by an open out along- ibe bed of the ci 

At the Plaoer or Nortb Star mioe, openings were made along the hill side al 
80 ft, beneath the marble beds. The face exposed Id these digelags wbb of suid- 
atone, in which the ore occurred along tbe joints and creviues, Ln depreaaions, 
amlthsonlte waB found Imbedded In clay. Near by, tbe carbonate waa found fol- 
lowing the stratification planeH. aaeoclated with secondary chert and drab chert 
and aome decompoBed llmeBtone, all much intermised. These were Interbedded 
with the country rock. 

The Rash Creek Miiua. — Along RuBh oreck have been tbe principal develop- 
ments of ^Inc ore In northern Arkaneae. These are tbe depoaltB which h«ve %t- 
tracced most attention. 

The Morning (jtBT mines are altuKted about 300 ft. above tha creek on the bill 
slope. The ore ocoufb in openings or pockets In a sillceou) magnastan limestone, 
which is much decompoeed in places andls traversed by clay openiogB. TheprlneU 
pal compound 1b flmlthsonlte, which occurs^ln mamllated forms, lining the aides of 
the openings and penetrating crevices of the rock. Some blende, of dark oolor, la 
also found. Much orystallzed quartz Is seen here which Is deposited on th« 
blende. A secondary chert of drab color Is abundant and contains angulftr 
fragments of limestone, dome erysC&lized dolomite was also found. Very large 
blocks of ore have been obtained here . One seen by the writer was over 10 ft. la 
diameter. 

The White Eagle shaft Is near the mouth of Rush creek, about 150 feet below 
tbe Horning Star openings. A drift Into the hillside at the top of this shaft showed 
smltbBonlte. The shaft was 60 feet deep and reached about 40 feet below the creek. 
The ore was f truck nt 60 feet, aod Is said to be 3 feet thick and to consist of blende. 

The Last Chance mine Is on Clahber creek, less than a mile east of Rush 
creek. The ore occurs here In horizontal streaks between beds of siliceous, mag- 
neslan limestone, A drift was driven 60 feet along a horizontal clay opening. 
The walla were partly dark secondary chert, with small crystsia of blende scat- 
tered through It. Carbonate of 7.\na lines the side of the clay openings. The 
Last Chance tunnel, a little east and about oO feet above the drift, was driven In 
"open ground." consisting of layers of red clay between undecomposed beds of 
limestone. These layers were 3 to Q Inches thick, and the aggregate thickness was 
about 6 feet . 

The Leader tunnel near by, but about 100 feet lower, waa driven ISO feet Into 
solid magnesian limestone. No depnaits were encountered other than small pock- 
ets containing blende and smlthsonite, and these were only at wide Intervals. 

Coneerniug the origin of these ores. Dr. J. C. Brauner, the Stale 
Geologist, in a private commuuication to the writer, Bays : " So far as 
the north Arkanaae ziuc deposits are cotioerDed, I am as conlideiit h8 
oue can be of such thiogs : that they are derived from tbe rocks in 
which they occnr,aDd that they are uot veins liDedfrom below, except 
where, ia a very limited way, the waters have risen somewhat on ac- 
oouDt of the head given them by the dip of the rocks." He fartbej 
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adds, with relation to the statement that these deposits occar along 
fault lidsares, that only some of them do so, and that in such cases 
the faults have simply afforded the crevices in which the ores have 
accumulated. Where the cavities have been produced in other ways, 
they also have been filled by the ore. 

Central and Southwestern Arkansas, — Of the deposits of central and 
southwestern Arkansas, those in Pulaski, Polk, Pike and Sevier 
counties are in Lower Carboniferous rocks, while those of Montgomery 
county are in Lower Silurian rocks ( 258, pp. 17-Ho ] [i.9]. The con- 
ditions of occurrence of the ore are, however, not dissimilar. They 
exist in veins traversing, generally, shales or indurated slate tilted 
at a high inclination. The ores consist, principally, of galenite and 
sphalerite ; the veins of Sevier county also contain large amounts of 
stibnite. The gangue is principally quartz and calcite, both frequently 
crystallized in cavities. Gomstock remarks that no carbonates of lead 
or zinc are found. 

The Kellogg mine in Pulaski county is probably the most noted. 
It is situated about 10 miles northeast of Little Bock. 

The country rock is a black shale dipping southeastward at an 
angle of about 40^ A slope is sunk in this at an angle of about 5S° 
south, and a streak of sphalerite was encountered at a depth of 38 
feet, conformable to the bedding plane of the shales and varying in 
thickness from three to six inches; a quartz gangue about one foot 
thick accompanied this ore; about 60 feet deeper is a well-defined 
streak of galenite, parallel to the upper vein; some chalcopyrite 
accompanies this. The results of a large number of assays show that 
the galenite carries from 30 to 60 ounces of silver to the ton, while the 
sphalerite carries less than 20 ounces [4^, p. 5]. 

The McBae mine is in the southwestern corner of Pulaski county. 
Little work has been done here, however. The ore consists principally 
of galenite mixed with pyrite, and yielded to the assay 3^ ounces of 
silver to the ton. 

In Montgomery county, a large amount of digging has been done, 
principally about Silver City. The important mines of this locality are 
the Waterloo, Minnesota, Montezama, Walnut and Eureka LDde. 
These operate veins traversing the country rocks, which consist of 
black shale or slate, frequently parallel to the stratification, and with 
a dip 60^ or more. The gangue is quartz and calcite and the ore is 
0-12 
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principally galenite and sphalerite ; associated with these are pjrite, 
chalco-pyrite, azurite and argentite, according to Conrad [Ji, />. 17 J]. 
All of these ores are argentiferoas, and some of them contain traces 
of gold. The silver contents, according to assays of the Arkansas 
Geological Snrvey, range from 17 ounces to 36 ounces per ton. The 
Kubicon mine, near Virginia City, in the same county, is operated in 
a deposit of a similar character. Though a large amount of mining 
has been done in this county, it can hardly be considered to have 
passed the stage of exploration; considerable amounts of good grade 
ore have been taken out, but the steep inclination of most of the veins, 
and the increase of water as depths were reached, has caused the aban- 
donment of work in many cases. Hence, no shipments of silver or lead 
are quoted from this region. 

In Sevier county we have a number of mines ftbout Antimony 
City, in the northeastern corner. Among these, the Antimony and An- 
timony Blufif mines are prominent. West of these, is the Silver Hill 
district, where the Davis and other mines have been operated. The 
ores here, as in Montgomery counly, occur in veins traversing black 
shale at a steep inclination. The gangue is quartz. The ore consists 
of galenite, sometimes intimately mixed with stibnite, elsewhere sepa- 
rated from it ; the associated minerals are sulphides of iron, zinc, cop- 
per, bismuth and cadmium. At the Davis mine, the ore carries as much 
as 30 ounces of silver to the ton. These mines are operated continu- 
ously, and are the source of a large portion of the antimony used in 
the country. The lead product from here, as well as from other mines 
of central and southwestern Arkansas, is a secondary consideration^ 
and the zinc product still more so. 
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THE LEAD AND ZINC DEPOSITS OF THE ROCKY MOUNTAINS 

AND GREAT BASIN. 

This is a region which has beeu remarkable for the size and rich- 
ness of its individual bodies of lead ores. These have been, moreover, 
highly argentiferous, which has stimulated their development in locali- 
ties where the lead in itself would not have repaid working. The min- 
ing of these ores began not over twenty-flve years ago, and, during the 
last two decades, over three-fourths of the total lead production of the 
country has been supplied from this region. 

COLORADO. 

The state of Colorado is the banner state of the nation in the pro- 
duction of lead. Zinc is not classed as one of her products, though 
many of her ores contain that metal, from which ores zinc compounds 
are extracted, and various zinc products manufactured. Thus, at Canon 
City is the American Zinc-Lead Co., which, during the year 1892, is re- 
ported to have manufactured, among other products, 2,500,000 pounds 
of zinc-lead pigment, equivalent to 1,125,000 lbs. of zinc [195, vol. t, 
p. 466 ]. 

The ore deposits of Colorado are confined to the region of the 
Rocky mountains, lying thus between the prairie country of the east- 
ern half of the state and the plateau country of the west. The centers 
of most active mining are in and about Boulder and Gilpin counties in 
the northern part of the state. Lake and Pitkin counties in the central 
part, and San Juan county in the southern part. The central part is 
pre-eminently the area of large lead deposits, fully three-fourths of the 
product thus far having come from Lake and adjacent counties. The 
ores of almost all parts of the state, however, have lead associated with 
them in some form or other. These lead ores we will now briefly de- 
scribe by counties, in the order of their importance as lead producers 
in the Census year 1889. 

Lalce County, — In this county are situated the famous Leadville 
mines, which have been of such prominence in the mining world dur- 
ing the past 20 years, and which have been rendered classic by Em- 
mons' well-known monograph [ 78 ]. These deposits furnish all but a 
small fraction of the whole quantity of lead produced in the county. 
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Besides being important soarces of lead, the bulk of the precious metals 
of the state have also been produced from them.* 

The ores consist principally of cerussite, galena, anglesite and pj- 
romorphite ; zinc occurs as calamine or smithsonite, and, at great 
depths, as zinc blende. In some mines there is practically no zinc, 
while in others it renders the ores unmarketable [118, p. 36\. All lead 
ores carry a large percentage of iron and manganese. The silver oc- 
curs generally as chloride and bromide, associated with calcareous and 
magnesian limestone; this is present in much greater quantities in the 
galena than in the cerussite. Gold occurs free, but only in minute 
quantities in the ore deposits, though it has been obtained in large 
quantities from the placers of the gulches traversing the rocks con- 
taining these ores ; it is most frequently found in siliceous beds. The 
cerussite constitutes the bulk of the surface, oxidized or carbonate 
ores, which are now largely exhausted, while the galena is encountered 
at depths. Little or no zinc is found associated with the surface ores, 
but occurs chiefly with the galena and mainly in the form of calamine. 

The gangue of these ores is principally silica, clay and dolomitic 
lime-sand; with the carbonates are also the hydrated oxides of iron and 
manganese ; according to A. A. Blow [^V,/>. 169]^ barite is rarely found. 

The contents and average value of the ores is indicated by the 
following results of analysis of a small sample representing 1000 tons, 
in which were included the product of every mine in the Lead ville dis- 
trict [ iJ/A ;^. /-'-> J : 



Percent 

Lead oxide 26. 77 

Ferrous oxide 0.89 

Ferric oxide 24 .86 

Manganese oxide 4.03 

Alumina 3.99 

Lime 2.3G 

Magnesia 3.04 

Arsenic 01 

Antimony 0.02 



Per cent. 

Silver 0.31 

Silica 22.59 

Alkalies 0.98 

Sulphur 0.90 

Carbon dioxide 6.58 

Chlorine 0.09 

Moisture 5.56 



101.00 



Traces of gold, zinc and copper also occur. 



*EmmonB, writing in Ih^'i, Btates that Lake county fnrnlBbes three-fonrths of the predont 
metals produced In the state [^:i, p. Tfi] . 
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The rocks immediately associated with the ore deposits are Cam- 
brian qnartzites, overlaia by Silarian dolomites aad siliceoas Umestones, 
and by Lower Carboniferous limestones or dolomites ( known as the 
Blae limestone), the whole series aggregating 1000 to 1200 feet in 
thickness. These strata rest apon Archean granite and other crystal- 
line rocks; they are traversed by sheets and dikes of porphyry which 
are intrasive principally along the bedding planes, bat also traverse the 
beds. The porphyries represent different flows and are consequently of 
different ages, though they were all erupted during late Cretaceous times 
and before the uplifting of the sediments. A porphyry of great promi- 
nence and importance is known as the White or Block porphyry ; this 
belongs to one of the oldest of these flows; it has an average thick- 
ness of 700 feet, and ranges up to 1500. The Gray porphyry is a 
younger flow, also closely related to the ore deposits. It is found 
traversing the White porphyry. 

Between Cretaceous and Tertiary times, the region was subjected 
to great movements and disturbances, which resulted in much folding 
and faulting of the rocks in a northwest to southeast direction, paral- 
lel to the adjacent Mosquito mountain range. Between the time of 
injection of the porphyries and the time of this uplifting, the mineral 
deposition took place. The main ore body is confined to the Blue or 
Lower Carboniferous limestone. It was believed to |lle principally 
along the contact of this limestone with the overlying White porphyry, 
and Emmons reasoned largely with this understanding. Daring recent 
years, however, as deep mining progressed, ore bodies were found to 
extend in and through the whole body of the limestone. They con- 
tinued to preserve certain recognizable relations to the porphyry dykes, 
though not in contact with them [23, p, 72]. In this limestone, the ore 
exists in lenticular masses or chambers, known as chutes, which are 
connected by contracted passages. The presence of the ores in the 
limestone is due, according to Emmons, mainly to physical and struc- 
tural conditions, and because the porphyry is intrusive in it; the age 
of the rock is of no significance, and its composition is of minor 
importance f 78. pp J-^^^-i;?]. The ores have been derived, according 
to Emmons, from the porphyries by leaching and replacement of the 
Blue limestone through metasomatic interchange. He concludes that 
they were deposited from aqueous solutions as sulphides, not later than 
the Cretaceous period ; that the solutions followed natural water chan- 
nels such as bedding planes, joints and cleavage openings. 



166 



LEAD AND ZINC DEPOSITS OF MIBBOUEI. 



Emmoue' theorj, ae advanced in bis report, waa contraTy to 
views tbat had hitherto been expressed by the autborilfes on the ori] 
and mode of accuinnlntion of these ores; and, further, it wae con- 
trary to the more generally accepted theory of formation of ore de- 
posits in general. It met with opposition at (he slart. It waR at- 
tacked by Professor Newberry [ J-',il, p. .iS9 j, who advocated ihe dei 
vation of the ores from below by heated water, and their deposit: 
in pre-existing cavities. It waa criticised by Le Conte ( 240 \, who also 
supported the theory of the derivation of the ores from below. More 
recently Mr. A, A. Blow | J2, p. IJfG \, arguing from the resolts of de- 
velopments since Emmons' investigation, again maintains that the sola- 
tions came from below, and that they followed the courses of the gray 
porphyry dikes. Sotv ithslanding the weight of the opposilioii to Mr, 
Emmons' views, nothing convincing has been developed which seri- 
onsly impairs the value of his conclnsiona as to the source of the ore. 
His interpretation of the strnctural and straligraphic geology of the 
region continues to hold good, wilb great credit to Ihe character of hie 
work. Perhaps the weakest point in bis discussion of these ores is 
tbe explanation of Ihe chemical process by which they were fornti 
as was pointed ont by Dr. K. W. Kaymond several years ago | ISO^ 
2J,9 and -i-i'J \. 

Further, the argumeut for the derivation of the ores from the pi 
phyries is not so well sustained as could be wished; if from I 
source it is diffienll to nndersland how the porphyries present aach 
nastaiued and nnleached appearance; why there is a total absence of 
ore bodies in Ihe porphyry itself ; why unaltered beds of limestone fre- 
quently exist between the White porphyry and ore bodies; why there 
are large large bodies of porphyry with no ores associated with them. 

Among the principal mines of the Leadville district, are the Crrs- 
olite, the Little Pittsburg, the Little Chief and the Annie mines on 
Fryer hill ; Ihe Carbonate, the Yankee Doodle and the Crescent mines 
ou Carbonate hill ; the Smuggler, Ihe Uock and Dome, the Silver Cord 
and the Minnie mines ou Iron hill. 

Outside of Ihe Leadville district is the Haniestake mine, in the 
northwestern corner of the county, wbich was developed before the 
discovery of the silver ores at Leadville [T.v, p. 77]. Here is reported 
to be a rich body of argentiferous galena in Archean gneiss. 

Pitkin Covnfy. — The well-known Aspen mines occur in Ibis county, 
and are the second largest jirodiicers of lead in the state. The ore is 
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similar to that at Leadville, and the manner of its occurrence also. It 
consists principally of a fine-grained galena, rich in silver. The car- 
bonate of lead, or cerassite, as at Leadville, occurs near the surface, 
while the sulphides are found at greater depth. Iron pyrite is almost 
entirely absent in the ores themselves [135, p. 75], while barite is com- 
mon, and in places is so abundant as to impair their value. Silver 
occurs as silver glance and as chloride. A stain of copper carbonate 
frequently characterizes the richer ores. Their estimated average con- 
tents is given by Mr. W. B. Newberry as follows [157, p. 277] : 

Silver, 55 oz. per ton ; lead, 5% ; barite, 1216%. 

The ore bodies occur here, as at Leadville, in disturbed limestone 
and dolomite beds of Lower Carboniferous age, which have an aggre- 
gate thickness of about 400 feet. The doUJtalites exist largely as 
lenticular bodies, and both Emmons and others conclude that they are 
in large part secondary [135, p. cxxi], [102, pp. 164 ^^ «^^]« ^^ this 
respect the conditions are different at Leadville, where the dolomite is 
thought to have been originally deposited as such. 

The strata are traversed by intrusive porphyry and are much 
faulted. The intrusion of the porphyry probably preceded the fault- 
ing, but the ore deposition is considered to have followed both the in- 
trusion and the principal faulting. 

The ore bodies are of irregular shapes and grade into the country 
rock, evidently resulting from the replacement of the limestone ; they 
are most frequently found along the contact between the dolomite and 
limestone beds, and they extend thence into the body of the rock. 
They are also found along fault crevices, and, thence, Henrich infers 
[102. pp, 182, 202. 203] that these crevices served as channels for the 
flow of the solutions. The ores are seldom found in actual contact 
with the eruptive rocks, although they are probably derived from a 
great mass of porphyry which overlies the limestone, and which is 
shown by analyses to contain appreciable quantities of silver and ba- 
rite [13 i, p. 83], They occur throughout the whole thickness of the 
Lower Carboniferous beds, though, according to Henrich [102^ p. 215], 
they are less abundant in the lower beds, and the best ore horizon is 
between 50 and 200 feet from the top. 

Among the principal mines are and have been the One Thousand 
and One, the Spar, the Durant, the Washington, the Emma, the Yallejo, 
the Aspen, the Ingersoll and the Little Percy. 
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Chaffee Count!/ —The Monarch district in this connty was formerljM 
a large producer of lead ore. The ores occurred in chambers in limft^ 
stone, some of great size. They vere found near Ihe eurface aud heooM 
easily mined. The chief producers were the Madonna, Eclipse and 9i4 
lent Friend. The ore was mostly carbonate of lead: some iinalteredfl 
galena and a little anglesite were fonnd. In the ores of the Madonoafl 
mine, the lead contents varied from 20 per cent to 45 per cent, and tbw 
silver from five to twelve ouncea per ton [/r'/j, vol ii. p Jfc']. 1 

Farlc Cowmfy.— This connty, tliongh ranking only 13th iu the pro- 
duction of lead in 1889, is immodiately east of both Lake and GhafTee 
coantiea, and will hence receive notice here. The principal lead-pro- 
daciug mines are along the eastern slope of the Mosquito range, near 
the western boundary, and opposite Leadville and the adjacent country. 
The ores are similar to those of Leadville, consisting of argentiferous 
galena at depths and carbonates near the surface ; barite is a common 
gangne; pyrite is also found, but is generally in a much decomposed 
condition, giving rise to hydrated osides of iron. The ores occur in 
Silurian aud Lower Carboniferons rocks, traversed by eruptive por- 
phyries. These latter are considered the sources of the ore. The , 
intrusive porphyry and the amount of ore diminish southward alonf 
the Mosquito range. The principal mines of this portion of the countffl 
are the Moose, the Enssia, the Hiawatha, the Dolly Varden, the PannieT 
Barrett, the Orphan Boy and the Sacramento [S-y,p, T''.\ 

In the northeastern cornet of the connty, in the Hall Valley and 
Geneva districts, are a number of mines which are in continuation on 
the Clear Creek silver bed. The ores are fonnd in veins of pegmatitfc 
traversing Archean gneiss. In the Whale lode, which is oue of tlie:^ 
principal veins, are bunches of galena in a gangne composed ohiefiyof 
baiite [/-'.p. 5iJ0]. 

Qunnison County. — The lead product of thin county, according to_ 
the Census flgures of 1889, gave it the rank of lOth in the slate, 
borders Chaffee connty on the west, and, thoufrh some of its ores aH 
dissimilar in their mode of occurrence to Ihe Leadville type, some or 
the deposits are approximately the same. The deposit of the Golden 
Cup mine, near Alpine puss, is one of these, the ore being found la 
Carboniferous limestone. It consists of argentiferous carbonates and 
also of oxide of copper. Part of this county, in the vicinity of Elk 
mountains, has been subjected to great disturbances since Cretaceous 
times. Eruptive quartz porphyry or diorite has forced its way through 
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the sediments in dikes, or spread itself oat between them in laccolite 
masses. This, with other phenomena observed here, is considered to 
indicate a region peculiarly favorable for metallic veins [ ISo^p, cxvli ]. 

The San Juan Region, — T'his region has taken its name from the 
San Jaan moantains which traverse it. It includes as lead-producing 
counties, San Juan, Ouray, San Miguel, Hinsdale and Dolores counties. 
Of these, San Juan county ranked 4th as a lead producer, and the others 
7th, 12lb, 14th and 16th respectively in the order of their naming. In 
this region we find great bodies of Tertiary and older eruptives. These, 
and especially the latter, are traversed by immense vertical veins of 
hard bluish quartz. These veins also occur in Archean granite and 
gneiss. At Rico, ores occur between beds of Carboniferous limestone 
at their contacts with intrusive igneous rocks [ 135, p. cxxxiii ]. Two 
sets of veins have been recognized in this region, one running in a 
northwest to southeast direction, which includes the greatest number; 
the other at right angles to this. The ores consist principally of 
argentiferous galena, gray copper, and bismuthinite, with ruby silver, 
native silver and zinc blende. The gangue is a chalcedonic quartz 
often banded and sometimes with barite. 

Among the more interesting deposits are those of Bed mountain 
in Ouray county [SO, p. 139], Here the ores are found in cavities or 
chimneys in andesite, which range in size up to 50 feet in largest dimen- 
sions. They were connected by irregular passages which branch out 
and increase in number toward the surface, but diminish with depth. 
The secondary ores are principally carbonates of lead and iron, with 
oxides and sulphates. Zinc blende occurs in botryoidal masses. These 
ores occur in caves attached to the walls, or in beds of clay or sand. 
They are richer than the sulphide ores. Normally, the inner walls of 
these chimneys consist of a quartzose rock which grades into andesite* 
Some portions of the rock are heavily brecciated. According to 
Emmons [ 80. p. 144 ], these chimneys are of elliptical outline, the 
longer axis corresponding to the main system of fracture, and the ore 
solutions have replaced the country rock between these fractures, 
sometimes removing it entirely, elsewhere leaving a siliceous skeleton. 

The Boulder County District. — In this district we include Boulder, 
Gilpin and Clear Creek counties, all of which are lead producers, the 
lasi two being 8th and 6th in the state respectively, while the first was 
18th. The amount of lead these have produced is thus not very great, 
and the ores are valuable chiefiy on account of the silver contents. 
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Boulder ooanty is principally known by its tetlonde ores [ ^-S.- 
68]. TheveiuBare principally pegmatite or coarse granite, traversii 
Archean granite. They carry pyrite, telliirides, silver and gray copp4 
In the Ward district, they carry free gold, while in the Gariboa di 
trict are rich argentiferoas galena ores whicli occnr in gneiss 
dikes of eruptive diabase [ lS.o,p. xcix]. The veins stand at bi| 
angles and are often very wide, but the rich ore is confined to streal 
in them, and is not continnone. The pegnialile vein material 1l 
considered to be a product of Ihe alteration of the countrj rock, In 
which the metiiU have been deposited from solutions, being originally 
leached from the adjacent rocks also. Ore impregnationa are also 
found along the contacts between the granite and the rocks erupted 
through it; also along faults or joint-planes in the oonntry rocks. Ore 
bodies sometimos occur in chimneys or pockets. Two prevalent dtrei 
tions of the veins are recognized, one sei running from east to wei 
the other from northeast to southwest. 

Gilpiu county immediately Joins B>ulder county on the south. 
The country rocks are Archean granite and gneiss, penetrated by fel- 
Bite and quartz porphyry dykes. The veins are like those of Boulder 
county. The ores are principally iron and copper pyrite, with very 
little galena and eonie zinc blende. They all carry more or less gold, 
but are difficult to mill. 

Clear Greek county is one of the largest silver producero of 
state, besides being a contributor to the lead production. The geoh 
and manner of occurrence of the ore are similar to those of Gilpin 
county, which it adjoins on the south. The veins are here frequently 
along porphyry dykes. The ores are silver-bearing, and are derivei 
from argentiferous galena and gray copper. 

Summit and Eagle Covntieit. — ^Suinmit county ranked 5th 
the lead-producing counties of the state, while Kagle was 9th. Ol 
occur here in rocks of various formations, from the Archean to the 
Triassic. Sheets of eruptive rocks traverse these strata, aud have 
metamorphosed and funlted them. At the McKay mines, argentiferous 
galena and lead carbonate are found between sedimentnry rocks aud 
overlying porphyry. At the Monte Ghristo mine, is galena aud zinc 
blende in Silurian quartzite. The ores of the Ten Mile district are iu 
Carboniferous limestone, and consist principally of pyrite mixed with 
blende aud argentiferous galena. The ore is a replacement of limestoni 
and extends irregularly to depths in it. The bodies are large, but 
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low grade and refractory. An important mine of this district was the 
Eobinson. Similar ore, under similar conditions, occars at Elk moan- 
tain, though at a different horizon. On Eagle river, near Red Cliff, de- 
posits of agentiferous galena and cerussite are also found in limestone, 
associated with White porphyry ; the limestones are probably of Car- 
boniferous age. Mines here produced large quantities of ore in the 
early eighties; in 1883 and 1884 nearly 4000 tons of lead were turned 
out per annum [ 195^ vol, ii, p. 390 ]. 

The remaining lead-producing mines which deserve notice are in 
the southern-central portion of the state, in Fremont, Custer and Sa- 
guache counties. These ranked respectiuely 11th, 15th and 17th in 
their product of lead. We have been unable to find any description 
of the deposits of Fremont and Saguache counties, and therefore con- 
€lude with a few remarks on those of Custer county. The principal 
mines of this county are near the towns of Rosita and Silver Cliff. 
The rocks consist of Archean gneiss, broken through by diabase, 
andesite and rhyolite. 

Ore deposits of several types occur. Among the most interesting 
are those at Bassick and Bull Domingo. Emmons describes these 
deposits in his report of the 10th Census [ 83, p, 80 ], and later he gives 
an explanation of their origin [05^ p. 833]. The ore is found in some- 
what irregular bodies, without definite boundaries. These bodies con- 
sist of rough and partially rounded fragments of the adjacent country 
rock (a hornblendic gneiss), which are coated with different ores in lay- 
ers one-eighth to one-fourth of an inch thick. These are principally 
sphalaiite and argentiferous galena. The spaces between the frag- 
ments are filled mainly with kaolin. The Bassick mine is an irregular 
opening of square or lozenge-shape, from 20 to 100 feet wide, and 
open to a depth of 1100 feet. It occurs in andesite breccia. The in- 
cluded fragments range in diameter up to two feet, and decrease in 
size from the center outward. A peculiar fact is that small fragments 
of charcoal are found in depths of nearly 800 feet in these deposits. 

Emmons classes these as chimney deposits which have resulted 
from the crushing and decay of the country rock between fracture 
planes. Aqueous solutions penetrating these crushed masses have dis- 
solved and reduced the size of the fragments and deposited the ores 
around them. The Bull Domingo is now the largest lead producer in 
the district; the concentrates are shipped to Leadville. 
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Another type of deposit oocara near Silver Cliff, consisting of an 
irregalar ioipre^QatiOQ of tbe ooaatry rock. Among other ores founds 
here is massive ceinsaite. 

Conclusion and Statistics, — Tbe great extent, variety and richnei 
of Colorado's ore deposits would tempt one to dwell, even longer tbaa ' 
bas.beeu done, upon their description, did tbe limitations of this repori 
permit it. This prominence of tbe state as a lead-producer has led 
us, however, to give u somewhat full description of the more impor- 
tant lead-beariug deposits. The yield from these bas been enormous 
iu the past, and, thougli not increasing as it did in past years, the state 
still holds its pre eminence as a lead-producer. 

The mining of lead and silver ores in the state is of comparaEiv. 
recent date; about the earliest was at the Georgetewn mine in 1866 {!S4i 
p. J6'0.j Gold mining, especially in placer deposits, was prosecuted 
nearly ten years before the war ; but the value of the silver oarbonatei 
was not recognized nntil early in the seventies. At Leadville, what ■ 
may be considered tbe first discovery of the famous carbonate deposils 
was made in 1874, though actual mining was hardly begun before 1876. 

In the table of productions by states given in tbe next chapter, 
tbe amounts of lead produced in the state from 187.1 to 1892 are shown. 
The tables of the following page give the prodncttons of Leadville, 
and the distribution of productions during the Census year 1889. 
last table conveys an idea of what proportion of the total output haf 
been supplied by tbe different mines : 
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PRODUCTION OP LEAD IN COLORADO BY COUNTIES FOR CENSUS YEAR 1889. 



Jhna. 

Lake 50,492 

Pitkin 7 , 132 

Chaffee 3,307 

San Juan 1,787 

Summit 1,597 

Clear Creek. 1,639 

Ouray 1 ,333 

Gilpin 1,013 

Eagle 492 

Gunnison 467 



Fremont... 
San Miguel 

Park 

Hinsdale . . 

Custer 

Dolores.. .. 
Saguache .. 
Boulder.... 



Tons, 
310 

308 

278 

258 

233 

168 

62 

9 



Total 70 , 788 



Total value $2,101,014 31 



NEW MEXICO. 

New Mexico, thoogh not ranking among the first of the lead-pro- 
ducing states of this region, has yielded daring the past ten years an 
average of about 5000 tons of lead annually. The ores are argenti- 
ferous galenas and carbonates. Considerable quantities of zinc ore 
are also found at other localities, and have been mined to a limited 
extent. The most important mines are in the southwestern quarter of 
the territory, in Socorro, Sierra, Dona Ana and Grant counties. Small 
amounts have also been mined in Lincoln, Santa Fe and Taos counties. 

Socorro County, — In this county are the well-known deposits of 
the Magdalena mountains, including the Kelly mines and others. The 
rocks, according to Emmons [8J^ p. W^]^ consist of slates, limestones 
and quartzites, resting on gneiss and traversed by porphyritic erup- 
tions. The ore consists at the surface chiefly of lead carbonate and of 
calamine and anglesite. Lower down, galena and blende are found. 
In 1887 these ores were reached at the Kelly mines, but at the same 
time new deposits of oxidized ores were discovered. The ores occur 
in lodes along the contacts between the country rocks and the por- 
phyry. The Juniata was one of the largest, and had a maximum thick- 
ness of Go ft. During recent years, the ores of this district have aver- 
aged about 25 per cent of lead and 8 ounces of silver [ 195, vol. it. p. 
JOS ], Smelters are erected at the town of Socorro, which turn out 
almost all of the lead in the territory. 
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In the Negretta or Blach mountain range of this county, lodes < 
lead and zinc ores are also reported by Silliman {/^-.']. 

Grant County The lead ores of Grant county are principally along 

the western slope of the Mimbrea range of mountaine. east of Silver 
City. According to Emmons, the deposits are argeotiferoas lead ores_ 
in Paleozoic limestones, which generally follow the bedding planes. 

In the Burro mountains, west of Silver City, are also argentiferow 
lead ores in Paleozoic limestones. 

Id the Santa Bita mountains, east of Silver Ctt.^, such ores occu 
in Carboniferous limestone. 

The Cook's Peak mines are at the extreme eastern edge of tb^ 
coui'ty, about 10 miles north of Florida. They have produced a goodfl 
deal of ore during recent years. The deposit ocenrs in fissures i 
porphyry. The ore is galena, wtiich, in the past two years, has svei 
aged 43 percent of lead and 61 ounces of silver [/) /['■'>. vol . 

The Hanover zinc deposits are also in this connty. They wei 
formerly worked for copper, and only during the past few years have 
efforts been made to utilize the zinc ores. They are at present owned 
by the Mineral Point Zinc company of Wisconsin. They are located 
about 20 miles northeast of Silver Oily. According to Mr. W. P. Blake 
[IS], the country rocks are gray and white Paleozoic limestones, proba- 
bly of Lower Carboniferoas and older age. These rest upon Archean 
granites and are traversed by dikes. 

The ores are principally smithsonite, with some calamine. They 
are generally found in proximity to the dikes. They occar in craat 
lining cavities, or in masses, which occupy irregular openings lietweej 
the beds of limestone, or fill caverns. The oxidized ores have replaoedl 
the limestone. The beet grades carry from 35 to .18 per cent of zinc. 
Large deposits of blende are found, from which the carbonates have 
been derived. These primary ores consist of a mixture of bleudai 
with amphibole, garnet, epidote, specular iron and pyrite, which i 
disposed^in regular layers, conforming in a general way to the v 
rocks of the deposit. The form of these deposits of blende is lentiM 
lar. Galena is generally absent. 

Comparatively small amounts of these zinc ores hare beeti mitw 
as yet. Transportation facilitiea are poor, and difficulties in the sepa- 
ration of the blende from the heavy garnet and also from the pytite 
hare hindered the development. Fuel is also scarce. 
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Sierra County, — The Lake Valley mines, which are generally cred- 
ited to Dona Ana county, really belong in this county, owing to 
recent changes in boundary lines. They are located in the valley east 
of the Mimbres range of mountains. The ore bodies occur in lime- 
stones which dip eastward. These limestones, says Emmons, contain 
Waverly fossils, and are thus probably Lower Carboniferous. The ores 
consist of argentiferous galena and cerassite, and occur along the bed- 
ding of the limestone and along the contacts between it and eruptive 
rocks. Much iron and manganese are associated with the oxidized 
ores. They apparently resemble the Leadville deposits. 

Dona Ana County. — The Lake Valley deposits, as stated above, 
were in the past included in this county, which accounts for some of 
the large shiptments credited to it. 

In the Organ mountains, about 10 miles west of Las Cruces, are 
argentiferous lead ores which have yielded 36 per cent of lead and L6 
per cent of silver [ ISI, p. 412]. 

Santa Fe County — In this county there are a number of deposits 
of siver-lead ores which were formerly worked. The mines in the 
Cerrillos hills worked many lodes containing such ores, in some of 
which zinc blende is quite abundant. 

Mining of lead ores in the territory, as in other western states, is not 
much over 25 years old, though deposits were worked for silver long 
ago by the Jesuits, probably before 1680. In 1867 the silver-lead ores 
of the Magdalena mountains were discovered by a California miner. 

Productions. — The production of lead in the territory is given in 
the general table of the next chapter. The production by counties 
during the Census year 1881) is shown below. 



Tons. 



Value. 



Tons 



Value. 



Dona Ana 1,028 

Grant ; 1,618 

I 

Lincoln 30 



Santa Pe 



550 



$35, 916 

44,623 

600 

22,020 



Sierra | 339 

Socorro 1,187 

Taos \ 10 



J. 



$9,536 

57,869 

200 



4,762 I 170,754 



Zinc ores have been mined only quite recently. In 1889, 140 tons 
were shipped ; in 1891, 700 tons. Nothing was produced in 1892. Up 
to January, 1894, according to Mr. Blake, 1355 tons of ore had been 
shipped altogether, by rail from Hanover. 
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TEXAS. 

Lead or^B in Texas are coDfioed to (he moiiDtains of Ibe Trans- 
Pecoa region and lo what is koown as the Oentral MiDernl regiou, 
which is a tract »bout 75 miles sqnare. with LUno ooucty in th<^ cen- 
ter. In neither region are tliese ores abundant, however, and sncli 
mining as has been done was qaite rudinmntary. In the Traos-Pecos 
region some zinc ore also is found, bat in the central region it is almost 
entirely absent. Mr. E. T. Damble. the Slate Geologist [ TS. p. /j-e], 
speaks of the Sam Houston Mining Co. 's mines as the most extensive 
lead diggings. These are situated on the Biley moantains, in Blani 
connty. The deposit is in veins and the ore is galena; the workii 
are 160 feet deep. 

Id the Beaver Greek district, in Biirnet county, are a nnmber of 
developments made in search of lead ores. Comstock [?-,/» ^>'J"] 
describee the deposits as consisting of galena in veins or dikes in Cani'^ 
brian. dolomitic limestone. The gangae of the vein is not quartz, bi 
ferruginous sand. Similar deposits occur near Hye poatoffice, 
Blanco connlj [ ',> p J8.', J. 

In the Trans-Pecos region, the principal developments are in the 
Quitman mountains, southwest of Sierra Blanco, between that place 
and the Bio Grande river. These mountains are composed chiefly of 
granite and intrusive porphyries. Here, the Ellbrook mine, referred to 
by Streernwitz [ '" /, p. ■'■! ], is on the contact or crystalline limestone and 
granitic porphyry. The gangne is spar and the ore galena. The shaft 
was 67 feet deep when visited. Openings have been made at a number 
of other points, disclosing veiuB of argentiferous galena. Zinc ores 
are found at greater depths, and they are also often argentiferous. 

The Bonanza and Alice Ray mines have shipped some good ores 
to El Paso. These contained about 30",, of lead, 25"., of zinc, 20 
ozs. of silver, and a trace of gold. The presence of zinc so incn 
the smelling charges that almost all profit on the ore was oousumt 
A good deal of argentiferous copper ore is found here [ 7-i, p. 

In the Carizo group of mountains, composed principally of crys- 
talline schistose rocks, near the eastern border of El Paso coanty< 
prospecting has revealed the presence of anglesite and other lead ore*. 

In the Ghinatti mine, in Presidio county, argentiferous galena in 
fissures or veins has been found at the Spencer mine; also, in iba 
Shafto mine, both galena and lead carlionate have been produced. 
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UTAH. 

The ore deposits of Utah contain, besides the precioas metals gold 
and silver, compoands of lead, copper, iron and zinc. The lead ores are 
very abundant, and have been sources of large prodactions for over 20 
years. The zinc ores are entirely accessory and are not sources of 
supply. The deposits occur principally in the western part of the state, 
along the western slope of the Wasatch mountain range, on the edge 
of the plateau country ; but they are also found among the subordinate 
mountain ranges of the Oreat Basin, still farther west. 

The stratified rocks of this region are pre Mesozoic, though lake 
deposits of Tertiary age exist in places. These clastic rocks are under- 
lain by Archean granite, and are traversed by Mesozoic diabase and 
diorite, and by Tertiary or post Tertiary andesite, rhyolite and basalt. 

A series of granite-porphyries is also recognized [ 8S, p. ^^j. The 
geology of the mineral region is thus similar to that of the Great Basin 
of Nevada, which adjoins it to the west. Along the western side of 
the Wasatch range, a great fault traverses the rocks. The movement 
producing this fault apparently began as early as the Archean era ; it 
was renewed at later dates, and there is evidence that it is even now in 
progress. This line of fault is thought by Becker [SJ^p. 39] to have 
had an important influence upoa the ore deposits. The abundance of 
these ore bodies along the western side of the Wasatch range cer- 
tainly bears this out. The prevailing type of deposits are bodies of 
argentiferous lead ore in limestone, occurring in chambers or '^pockets," 
as at Eureka, in Nevada, next described. Veins in slate and quartzite 
also occur, but lead ores do not prevail in these. The age and origin 
of the various ores is not yet definitely determined. In general terms, 
they are held to be principally due to solfataric action, which accom- 
panied the eruption of the massive rocks. They would thus be of 
corresponding age and of similar origin to the Nevada ores. 

The mining districts and mines of this State are very numerous ; 
almost every county of the western half contains such. A detailed 
description of these districts is contained in the report of Mr. E. B. 
Huntley [/i7], which forms a part of Vol. XIII of the Tenth census. A 
separate description of the many districts and mines cannot, of course, 
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be attempted here; reference will be made only fo prominent depoi^its 
of lead-yielding ores. 

Salt Lai e Counts includes severa! of the most important niiDing 
diBtricts in the State. These are the Weat Monntain Mining dislrici, 
including Bingham canon, the Little (Jottonwood, with theKmma uine, 
and the Big Cottonwood districts. West Mountain district is on the 
eastern slope of the Oqairrh moantaius, on the eastern border of the 
Great Basin. The mines are in canons only three miles from the sum- 
mit of the range. The principal of these is Bingham canon; others 
are Barney's. Copper gulch and Bntlerfield canons. In each of these 
are a number of mines. The country roclc consists of Carboniferous 
limestone and quartnile, faulted and traversed by dikes and masses of 
audesite and granite-porphyry. The ore deposits occur both transverse 
to and along the bedding. lu the porphyry, some narrow veins are also 
found. The ores frequently follow altered zones along the contact be- 
tween the limestone and quartKite. The bodies of these zones are of 
irregular shapes, and the contact wiih the surrounding rock is not 
sharp, the country rock being a( times impregnated with the ore \l-!T. 
p. Z'l], The larger bodies of ore are generally connected by crevices 
or pipes. 

The great lead-producing mines of this district are iu a large 
bedded deposit, some two miles long, dipping if to 60° N. W. The 
ores of this deposit are ochreons, siliceous and pyritiferons, carrying 
galena and zinc blende. These last constituents are converted to car- 
bonates in the oxidized surface ores. The amouut of blende is quite 
large in places, so much so as to make the smelling of the ore difficult. 
The Jordon mine is the principal one in the Bingham canon. Accord- 
ing to Mr. Huntley I''''"], 87,000 tons of argentiferous lead ore were 
produced from this mine belweeu the years 1873 and 1880. The ore 
body is interbedded in siliceous limestone, is about 200 ft. wide, and 
dips 30° to 30" N. W. Large horses of limestone occur here. Great 
bodies of cernssite, auglesite and galena are found along the foot-wall ; 
while along the hanging wall is a thick belt of quartKOso gold ore. The 
best ore averages 40 to 43'/t of lead. Several other large mines have 
been opened in this district, iu deposits of similar composition and 
geologic relations. In Ballerfield canon, the Yosemite mine ie in a 
deposit of like nature, with high grade lead carbonate ores. 

The Little Cottonwood district is famous chiefly on account of the 
great deposit of the Emma mine. It is located in the easlern part ol 
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the couDty, near the snmmit of the Wasatch range, at the head of Lit- 
tle Cottonwood canon. The ores here are perhaps most abundant in 
the Wasatch limestone of Lower Oarboniferons age, bat they are not 
confined to any particular stratum or formation [84^ p. 364]. The de- 
posits follow pre-existing fissures and cracks. They generally occur 
near lines of fault, and spread out in lenticular-shaped masses and 
chambers. The Emma deposit is in siliceous limestone. The principal 
ore body worked was between a limestone hanging wall and a dolo- 
mitic foot-wall, and was, in a general way, conformable to the stratifi- 
cation. The walls contracted both above and below, and the chamber 
did not extend to the surface. The ore was a soft, brownish red ocher, 
containing cerussite, anglesite and some manganese. It was very 
easily excavated. The percentage of lead varied from 30 to 66 per 
cent. Prof. Silliman [207, p. 325] gives 34 per cent as the amount of 
lead found in an average sample of the ore collected from 82 tons. 
Much of the ore had no clearly recognized gangue, and was shipped 
directly in sacks as it came from the mines. The sales of the ore, up 
to June, 1880, are given by Mr. Huntley as 27,450 tons. Phosphate of 
lead was not found here, and its general absence from the ores of 
the Wasatch and Oquirrh mountains is a noticeable fact. The deposit 
of the Emma mine, like the others of this district, is more recent than 
the porphyry dikes which traverse the rocks. The ore body is, how- 
ever, traversed by a fault of later age [i<^5, />. 338]. 

Several important mines in this district, such as the Flag Staff, 
occur in similar deposits ; also in the Big Cottonwood district, espe- 
cially about Argenta. 

In Beaver County^ is another important lead-producing district, on 
the northern end of the San Francisco mountains. Here, the Horn 
silver mine is the most noted and has been the scene of large ope- 
rations. The ore was found between a foot-wall of dolomitic lime- 
stone and a rhyolite hanging wall. It consisted largely of sulphate 
of lead, but oxides and carbonate, with silver ores, were also found. 
Barite occurred as a gangue near the rhyolite. The lead contents va- 
ried from 30 to 60%; little or no zinc was present. The deposit is 
traceable two miles in a direction N. 10° W. The dip is about 70° E. 
The width, where discovered, was between 40 and 60 feet. Mining 
has penetrated to depths of 1200 feet or more. The total product of 
the mine up to the year 1880 is given by Mr. Huntley as 29,380 
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touB, averagiug S5% of lead. After that time, the prodnction was 
larger, aad, at the cessation of operations in ISSi, it is estimated that 
69,380 touB of lead bulliou had beeu produced [110, p. 7\. Lirge dresi 
ing worlcB are beiug buiit to treat the lovgrade ores. They v 
nearly completed in January, 1834 [7.9J, viA. ii, ]}. 400]. 

Several other mines in this county are in similar deposits of leM 
bearing ores. Sncb are those of the Bradsbaw and Star distriotj 
The Cave mines of the former are in stratified blue and white doloniitio 
limestone, which contains bodies of argenliferons, ocheroas lead car- 
bonates, in large and small caves or chambers. A vacant space fre- 
quently exists between the top of the ore and the limestone roof, and 
the former is sometimes strewn with detached blocbs of limestone, 
thuH simulating some of the Nevada deposits. Ocher sometimes oc- 
curs here in the form of hard, massive, botryoidal limonite. 

At the Carbonate mine, near Frisco, lead- bearing ore is foand 
partially cementing rounded blocks of trachyte, in a vein some six feet 
wide. This ore carries from 15 to SQi^J, of lead. The peculiar struc- 
ture of the deposits is doubtless due, as explained by Kothwell, to the 
fraotnringand partial decay of blocks of ernptive rocks which have 
fallen into a flsanre [-/,%', p. lis]. 

In Tooele Oounly,ia the Rush Valley district, on the western slope 
of the Oqnirrh range, are argentiferous deposits in limestone and 
quartzite of Carboniferous age. The ores occur in bedded veins, 
transverse to the stratification. The former are 9 to 10 feet wide in 
the Great Basin mine, and dip about 60^ N NE. The best ore averages 
about 40"i, ofleail. In the Dry Canon district, large bodies of oxidized 
ore in limestone occar in chimneys and chutes. The Flidcten Treasure 
mine was one of the most important of these. The ore of this deposit 
contained about 33% of lead. Other prominent mines here were the 
Chicago, Mono and Kearsarge. In the Ophir and other districts of 
this county other such deposits have been worked. 

In Utah County, in the American Fork and Provo districts, are also 
deposits of silver-lead ores, in large bodies in dolomite. Thej oootal 
frequently as much as 40 to !}i"6 of lead. 

In Piute County, contact and bedded deposits of similar ores i 
found between limestone and qaartzite, carrying 35 ''u of lead. 

In Juab County, aigeniiferous galena and other lead compoaoq 
occur in the Eureka Hill deposits of the Ttntic district. Such * 
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are also foand in the East TiDtic, Dngway and Moant Nebo districts. 
In Wasatch, Box Elder and Weber coanties, a few deposits containing 
lead ores are also known to exist. 

In Summit County, the famous Ontario mine ^has lately supplied 
considerable quantities of lead. The deposit, however, is not of the 
class that carries a preponderance of these ores. The walls are in the 
main, quartzite. The ores occur in a vein which averages perhaps 8 
ft. in thickness, though ranging up to about 30 ft. The gangue con- 
sists of quartz, and in this are zinc blende, galena, tetrahedrite and 
pyrite, with some horn silver and copper carbonate. The average con- 
tents of the ores of this and other Park City mines is about 30% lead. 

The great deposits of the Silver Beef district, in Washington 
county, though of interest and value, cannot be classed as sources of 
lead or zinc. Little or none of the compounds of these metals are 
found there. 

History and Statistics. — Utah has been a mining state for nearly 30 
years. Salt Lake was occupied by the Mormons in 1847 ; but these 
people devoted most of their attention to agriculture. They claim, 
however, to have mined a few tons of lead ore in Beaver county, in 
1861 and 1863. In 1863, the Jordon mine, of Bingham canon, was 
located. In the following year the Emma, and other deposits of the 
Cottonwood district, were discovered; but the great Emma lode was 
not opened until nearly 1870. In 1870, the first efQcient smelter was 
erected, not far from Salt Lake, and a period of great excitement in 
mining affairs soon followed. In 1872, the Ontario deposit was dis- 
covered. In 1875, the Horn silver deposit, in Beaver county, was dis- 
closed [ 117, p. 406 ]. By 1875 the deposits of the Emma mine, which, up 
to that time, had been the principal sources of lead ore, were ex- 
hausted. In 1885, the Horn silver mines closed down ; but operations 
are resumed there now. 

Figures of production of lead in this state have been gathered al- 
most ever since the mining of the deposits began. The annual pro- 
ductions of the whole state are given in chapter YI. The following 
details have been derived from the several volumes of the Mineral 
Resources of the U. S., from the Mineral Industry for 1892, and from 
the Eleventh census : 
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DBTAIL8 OF LEAD PRODUCTION IN UTAH. 



Yra. 



TODB. 



1881 
1882 
1883 

1884 
1885 
1886 

1887 



1889 



Horn Silver 

Horn Silver 

Horn Silver 

Bingham DiBtrlct 

Horn Silver 

Principally from Bingham , Tintic, Park City and Beaver district.. 

Stockton mines heavy producers ; Bingham district also large 

Ontario 

Ontario 

Bingham district ( about ) 

Tintic district large producer 

Beaver county 

Juab 

Piute 

Salt Lake 

Summit 

rooele 

Wasatch 






( t 



8,171 

16,0(12 

14,970 

0,500 

12,400 

23,000 

19,000 

1.882 

2,015 

8,000 

4,487 
130 

70 
4,794 
6,6S1 
1,483 

30 



NEVADA. 

The state of Nevada, thoagh at present comparatively a small pro- 
dacer of lead, has been in the past one of the great lead states. More- 
over, her deposits have received as much, if not more, study than those 
of any other western state, and as they are of an extremely interesting 
and instructive type, they deserve a somewhat lengthy notice here* 
The mining districts are among the subordinate mountain ranges of the 
Great Basin, which extends from the Wasatch mountain range on the 
east to Sierra Nevada on the west. The area of greatest production 
lies between the 39th and 40th parallels. 

The rocks of this area include massive granites of the Archean^ 
Paleozoic, Mesozoic and Tertiary elastics, eruptive diabases and diorites 
of post-Juraesic age, and andesites, rhyolites and basalts [SSjp.SO] of 
Tertiary and Quaternary ages. 

The ore deposits of the state are important chiefly for their rich- 
ness in precious metals; lead, copper, zinc and other base metals occar^ 
however, associated with these, but only in a few districts are smelting 
lead ores found. 

Comstock Lode. — The famous Comstock lode is near the extreme 
western edge of the state, at Virginia City, in Storey county. The 
ores of this lode contain comparatively little lead or zinc,* but prin- 



•Analyses of these ores show the lead cODtents to vary ftom 4 to 6 per cent, and the sltto oon> 
tents from 11 to 16 per cent [9o, p. 80], 
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cipally native gold and silver, with salphides of silver and antimony. 
The gangae is mainly quartz, and in this gangne the ore is foand 
in sheets or lenticular masses, known as '^ bonanzas." The lode is 
several hundred feet wide near the center, but tapers toward the ends, 
and is narrower at depths; it is largely filled with horses of country 
rock, between which the quartz gangue and the ores are found. The 
total length traced is about 4 miles. The rocks consist of eruptives of 
post-Jurassic and Tertiary ages. The mines produced, in the 21 years 
preceding the year 1880 over $306,000,000 worth of gold and silver. 
They reached depths of over 3000 feet, and galleries aggregating 185 
miles in length were excavated [156]. 

Eureka Mines, — The deposits of the Eureka district in Eureka county 
were the great sources of lead in the state. The principal mines are situ • 
ated on Prospect mountain, and here they are concentrated on the north- 
ern spur, known as Buby hill. Work was not begun in these mines until 
the latter part of the year 1869. By the year 1882, $60,000,000 worth 
of gold and silver had been produced and 225,000 tons of lead. These 
ore deposits have been studied by a number of eminent geologists and 
mining engineers, and their relations are well understood. The fore- 
most report upon these ores is the monograph of Mr. J. S. Curtis, pub- 
lished in 1883 {5Jf\. Quite recently, Mr. Arnold Hague's report on the 
Geology of the Eureka district has been issued [ 93], 

The rocks represented in the Eureka district are of Cambrian, Si- 
lurian, Devonian and Lower Carboniferous ages, and aggregate about 
30,000 feet in thickness. The ores are found in Cambriau, Silurian and< 
Devonian strata, extending thus through a column 17,000 feet thick. 
None are found in the Carboniferous strata. By far the greatest num- 
ber of productive deposits have been in the lower Cambrian rocks. 
The reasons for this, as Mr. Hague puts it, lie in the orographic and 
structural conditions, and not in the facts of the age or composition 
of the rocks. Between the close of the Carbouiferous and the Juras- 
sic period, this region was much disturbed, and the rocks were flexed 
and traversed by fissures and faults which are generally parallel to the 
axes of the folds. Subsequently, soon after the Tertiary period, there 
were eruptions of andesite and rhyolite, which augmented the displace- 
ments and doubtless expanded the fissures in some places. The ore 
deposition followed this period of eruption, and the ore bodies are 
closely connected with the rhyolite dikes. 
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The maio ore body or lode, if it may be called sucb, of Baby hill 
and Prospeot moaDtain, consisiB of a wedge-shaped mass of crashed 
limestoue, which lies betweea what is known as the Bnby Hill fault or 
Main flssare ou the northeast, and the so-called Secondary fissure or 
qnarlzite contact on the southwest. This zone of crushed rock is over 
800 feet wide at the surface, but tapers oat in places at depths o£| 
about lOOO feet. Throughout this zone the ore bodies are found. Thej 
ore fills crevices and inlerstices between the fragments and masses ofil 
the limestone, and alsaoccupies great chambers 50 feet and more in di- 
ameter. These great chambers are generaHy completely filled with ore, 
excepting for a small cavily near the top of the body, or an occasional 
pillar of limestone traversing it. Branches or pipes of ore lead off in 
all directions. There is no W6ll-dt?tined boundary in many cases. They 
are distributed without any regularity, and are generally connected^ 
with a fissure, though this connection is not always seen. 

The minerals of the ore consist principally of a dark gray, oftei 
black galena, which is generally rich in silver, but somewhat low 
gold, of anglesite, oerussite, mimetite, wnjfenite, pyrite and arseoioi 
pyrite, limonite, blende, calamine, calcite and argentite ; quartz is foun^j 
in cavities of the limestone, but is not an important constitaent. Olayi 
of various kinds, and steatite and talc are occasionally found. Thq| 
siliceous ores generally contain most gold. Galena is not abundant, ' 
and the carbonates or oxidized oresestend here to depths of 1300 feet. 
Limonile, derived from pyrite, is the principal gangue of the Euby hill 
ores. The blende is generally found in the lower workings, calaminttj 
being met with near the surface. 

The ores are generally believed to have been derived from adeeph 
sealed source, throngb solfataric action, accompanied by volcanic en- 
ergy. Cartis [■'-}. /iji SJ :i.J] stales that no rhyoJite near the ore bodies 
contains saffioient gold, silver or lead to be the eonrce of the ore, 
though when deeper sealed and ODdecomposed the contents may I 
greater; assays ot the country rock show also too small qnantitiel 
of the precious metals. He concludes, therefore, thac the theory oP 
local segregation is untenable. The ores are probably derived from 
decomposition by solfataric action of massive rocks, an<i the solutions 
were conveyed thence to higher levels by the fissures formed throngh 
earth movemeuts and volcanic action. Two main fissures have been 
referred to, and one of these constitutes the Buby hill fault. With 
these, other minor fissures connect. The Ruby hill fault fissure i 
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origiDally occapied by a rhyolite dike, bat this is now largely decom- 
posed, leaving a clayey residuary prodact. The ascent of the solutions 
and the decomposition of the ores probably continued for a long time 
after the eruption of the rhyolite. 

The solutions were probably alkaline sulphides, and the metals 
were deposited as sulphides in the openings of the crushed limestone. 
The large chambers or masses of the ore, both Mr. Ourtis and Mr. 
Hague maintain, were formed from the metasomatic replacement of 
limestone by the ores. The great part of the ore is hence the result of 
substitution rather than of deposition in open cavities. The conclu- 
sions reached by Mr. Curtis are, in the main, in accordance with the 
opinions held by other authorities. Previously published descriptions 
of these deposits had generally explained the large ore bodies on the 
theory of their deposition in pre-existing caves; they described the 
clay found in the Ruby hill fault as a shale, apparently considering it a 
regularly interstratified member [20, 1S2^ 179] ; whereas Mr. Ourtis 
shows it to be the product of decomposition of a rhyolite dike. His 
conclusions in this particular, as well as concerning the origin of the 
large ore bodies, seem to be well sustained. 

The Eureka district ore deposits are not an isolated class in the 
state, but others occur like them in the Great Basin. They are, how- 
ever, the most important so far developed. 

Lincoln and Nye GoHnties. — In these counties are a number of 
deposits of argentiferous lead ores, associated minerals and their de- 
composition products, occurring in limestones, which are similar to 
those at Eureka. The ores are also found in veins traversing meta- 
morphosed quartzite slates. These are not smelting ores, however. 
The percentage of lead in the Pioche ores is stated to vary from five 
to sixty per cent [183 p. 184], 

White Pine County, — White Pine district, in the county of this name, 
has been the seat of much mining during various periods. Treasure Hill 
is the principal mining district, and here the ore is found in fissures, 
contact deposits, and in chambers or in beds parallel to the stratifica- 
tion of the limestone. The mineral contents are chiefly chloride of sil- 
ver, with about two per cent of lead [95, pp. 418-420]. In the Base 
Metal range, immediately adjoining the Treasure Hill district to the 
west, the ores contain a much larger percentage of lead. These de- 
posits are thought to be similar in nature and origin to those of the 
Eureka district. 
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Elfco Oounty. — In the Tascarora district, silver ores are fonad, ac- 
eompanied by pyrite in decomposed eraptivee. Small amoanta of lead 
have been shipped from this coaoty daring past years. 

Esmeralda Oounty Ores carryiufr urgentiferoaa galena id pockets 

and veins are found in Washington and other districts [-U, pp. SJ,^-i-iT]. 
Most of the ores are in metamorphosed slates and schists which are 
traversed by basalt. They are similar to those of Inyo coanty, Cali- 
fornia. They carry sulphatilimonides of silver, argentiferous galena, 
tetrahedrite, and copper, iron and ziuc salphidee and pyrolunite in a 
qnartz gangae. The Northern Belle mine was in such ores, mainly ox- 
idized [S-i.p. S.',]. 

Lander Oounty. — Kear Aostin, in the fieese River district, are » 
large namber of small veins traversing granite, which consist of a 
qnartz gangue carrying silver snlphides, argentiferous galena and 
blende. The amount of the last two constituents is, however, not 
BuflQcient to class these as lead-bearing ores. 

In the Galena district of Washoe county and in Humboldt coanty, 
small amouule of galena have been found, but they are not at present 
sources of lead, and little is generally known concerning the character 
of the deposits. 

History and S(a(!stics.— Mining in the state of Nevada is little 
over 30 years old. The Comstock lode was discovered in the latter 
part of the year 1858, and mining was begun there early in the follow- 
ing year. The Eureka deposits were discovered ae early as 1861. but 
their value was not determined until 1870, and littlo was done there 
before that time. In fact, up to that date, silver-lead ores were re- 
garded as of little value, and the deposits were allowed to lie neglected. 
In this same year, furnaces for the redaction of these ores were built. 
Deposits in Esmeralda county were discovered in 1867; those iu I^n* 
coin county in t8t!4 ; in the Toyabe mountains of Lander county in 
1862. In 1869, the ores of the While Pine district first attracted great 
attention, and that district was the scene of much excitemeut. 

Detailed flgares showing the production of lead in this state are 
not available. From the Kureku dislrict, however, most of the lead 
ore has been derived, and the largest producers there have been the 
Eureka Consolidated and the Richmond Mining companies, on Ruby 
hill. In 188C the Ruby hill ores were to a great extent worked out. 
and daring reoeut years the production has fallen olf, so that it has now 
reached almost insignihoaut dgures. The figures of production of the 
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whole state, given in the table of chapter YI, are derived principally 
from vol. II (1893) of the Mineral Indastry. 

Up to the end of 1882, Mr. Oartis states that the total production 
of the Eureka district had been 225,000 tons. Dedaciing from this 
the total production during the years 1877 to 1882 inclusive, leaves 
113,333 tons. This represents approximately the amount produced in 
the Eareka district during the years preceding 1877. In order to be 
exact, however, we must add to this amount what was produced in 
other districts during the years 1877 to L882. Allowing 3350 tons for 
the total production of these other districts during that period, as well 
as for the whole period preceding 1877, we obtain 260,000 tons as the 
total production of the State to date. 

The following figures taken from Bulletin 80 of the Tenth Census^ 
show the distribution of production during the year 1889 : 

PRODUCTION OF LBAD IK NBVADA. 

CourUiea, Tons. Couniiea. Tons. 



Blko 30 

Eureka 1489 

Llncola. 330 



Nye 10 

White Pine 136 

Total 1995 



OALIFOBNIA. 

California, though not classed as a lead and zinc-prodncing state, 
contains extensive deposits of lead-bearing ores, which have been 
operated on a large scale for the precious metals. These occur prin- 
cipally in Inyo and San Bernardino coanties, in the southwestern por- 
tion of the State. Such are also known to occur, however, in San 
Diego, Kern and other counties. 

San Bernardino County. — Large argentiferous lead deposits occur 
near Kingston mountain, in the northeastern corner, in a country 
Tock of dolomitic limestone. West of this, in the Arawatz range, 
veins and deposits of lead ore, accompanied by gold, silver and copper, 
have been discovered, and were worked about the year J880. DiflB- 
calties of access and scarcity of water have helped to prevent develop- 
ment [IJO] 

In the southeastern portion of the county, near Denby, in the Old 
Woman mountains, a ^Marge and extensive ledge of carbonate and 
galena" is described as occurring in ^^ granite and slate formations." 
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In the MoroDgo diBtriot, io the Bonlhweateru part of the coanl 
ie the Lawrence mine. Here galena occnrs in a vein foar feet wii 
traversing "granite and micaceoaa slate," the strike being N. 80° 
Id the vicinily of the Ore Grande tliere ie a large nnmber of minea 
argentilerons galena. At Galena camp, seven milee weet of that' 
place, a vein is reported 20 feet wide, the hanging wall of limeetooe 
and the foot-wall of sjenite, with a strike S. ^0° W.; the ore is principally 
argdntiferoiis galena and carbonate of lead. Other mines in deposits 
of similar character have been opened in this vicinity. The Harrison 
mine is 4^ miles northeast of Uro Grande; the vein is five feet ibick 
between walle of blue limestone; the ore consists of galena and 
sphalerite carrying silver. Tbe Carbonate mioe is two miles east of 
Oro Grande, on the western slope of the Oro Grande monntains; the 
vein nnderlies blae limestone, is l'^ lo ^4 feet thick, has a dip of ib" N. 
and a strike of 80^ E. Different assays of the ore yielded 40 and 57 
per cent of lead, 6 and 40 ouDcefi of silver, and, in one lot. $16 worth 
of gold, 

Abont Barstow, in the central-western portion of this county, a 
number of developments have been made. At tbe Stonewall Jackson 
mine, 6 miles norihwest of Barstow. a vein 8 feet thick is reported, 
containing oxide of iron and carbonate of lead. At the Cleaveland 
mine, 5 miles northwest of Dagett, the ore runs 267c of lead, 20 onncei 
of silver; the vein dips 35° E., "hanging wall porphyry, foot' 
decomposed feldspar." Other openings in deposits of similar t;hai 
ter occur in this neighborhood. 

Jnyo Oouniy.—ThiB county [W. /■!.',] is the chief source of Ii 
ores in California. Eighty per cent of this ore, as delivered, consii 
of snlpbides, containing some zinc, and often arsenic and antimony. 
Extensive beds of carbonate are reported to occur in the southern 
portion of the county, but, like those of northern St. Bernardino, they 
are very difficult of access, and a scanty supply of water makes their 
operation difficult. These ores of the county occur either in limeatonea, 
or in limestones associated with schists. The deposits are chimne; 
or bodies of irregular form [■V.>'. p l,s]. 

In the southern part of the county, in (be Penamint district 
mountains, in the vicinity of Wild Rose spring, there are a numlter of 
mines in silver-lead ore. lu the Darwin district, adjoining this, occnr- 
rences of veins are reported carrying galena and lead carbonate, wil 
gold and silver. Of these, the Defiance mine prodoced ore oarryi 
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50 per cent of lead, 68 oances of silver and some gold ; the Lacky Jim 
mine ore assayed 40 per cent lead and 50 ounces of silver. Many 
other openings in similar ores have been made in this district. 

Mines of like character are located in the Oerro Gordo district, on 
the western slope of the Inyo range. 

About Independence, the county seat, are also a number of mines. 
The Brown Monster is one of these. Here a shaft was sunk 400 feet 
deep, the vein averaging 6 feet in width, with 12 inches of vein 
matter next to the hanging wall ; the ore assayed 40 per cent of lead 
and 70 ounces of silver. The St. Oarlos mine is another of this group, 
the ore of which carries 30 per cent of lead, $100 in silver, 12 per cent 
of copper and a little gold. 

Zinc, apparently, does not occur in workable quantities in Califor- 
nia. As already noted, it is associated with some of the lead ores of 
the two counties just described. In addition, small deposits of spha- 
lerite, of no present value, are referred to as occurring in Tulare and 
St. Mateo counties, in the report for 1882 on the Mineral Resources of 
the U. S. of the Geological Survey. 

Production. — However great the lead-bearing deposits of Califor- 
nia may be, the production of lead in the state thus far has been 
comparatively small. According to the figures of the report for 
1883-84 of the Mineral Resources of the U. S., California's production 
of lead for those years was respectively only 1700 and 1600 short tons ; 
in 1887, the total output from local ores is estimated by the Selby Lead 
& Smelting Co., of San Francisco, at about 800 tons. In 1889, the 
state is credited by the same authority with 53 tons of ore only : but 
in the 10th Annual Report of the State Mineralogist, it is stated that 
about 3400 tons of lead ore, averaging 47 per cent of lead, were re- 
ceived at the Selby works from January to October, 1890. These 
works receive and smelt the great bulk of the lead ores of California. 
The 11th U. S. Census distributes the 53 tons of ore for the year 1889 

as follows : 

Butte 400 lbs. 

Inyo 94,110 '* 

San Bernardino 12,000 '' 

Total r .... 106 ,510 

Inaccessibility, scarcity of water, limited population and a blinding 
search for precious metals are, apparently, the chief factors which have 
prevented the development and increase of lead production in the 
state in the past. 
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ARIZONA. 

Arizona produces a fpw IhousaDd tons of lead annnally, incideot- 
ally to the smeltiug of her silver oreB- The principal produolions are 
from the sontheastern portion of the territory. 

Id Pima aiid Cochise coaoties are a namher of deposits ia lime- 
stone, which GOQsiBt in large part of argeDtiferoas lead ores. The 
Tombetone district contaius anch. The coantry rocks here are qaartz- 
iteB of probable Carboniferon^ age, anderlaiu by dolomites and overlaiD 
by bluish black liineBtone. Most of the ore is foand in the last luen- 
tioned rock ['■''. /). -^4]. The rocks are disturbed and faulted and are 
traversed by dikes of diorite and diabase. The ores occur in vertical 
fissures, and also in bodies following the stral ideation of the rocks, 
which dip to the northeast. Elsewhere in these counties, similar de- 
posits are found, bnl none have proven of equal magnitude. 

In Maricopa and Mohave counties, galena and blende are found, 
aBSOciated with argentite and copper minerals. They occur in veins, 
in a quartz gangue. The enclosing rocks are granites or metamor- 
phoBed gneisses. These are traversed by diabase in places. 

In Pinal, Yavapai and Yuma conuties some lead and zinc ores are 
fonnd, associated with copper and silver deposits. They hare been 
little developed, however, aud comparalively insigniGcant quantities of 
lead have been produced. 

The first locations of the Tombstone deposits were made in 1878, 
and soon after that lead appears to have been produced along with the 
other nietala. Probably the larger part of the productions given in the 
table of chapter VI, for Arizona aud California together, are to be as- 
signed In Arizona. During the Census year 1889, the following amonnts 
were produced in the respective countiea : 
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IDAHO. 

Idaho is one of the principal lead-producing states in the TToioa, 
and the output has been large for the past 10 years. According to 
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the fignree of the Eleventh TJ. S. CeDBus, the Btate ranked third, and it 
still holds abont that position. 

Idaho has been known as a mining state for over 30 years. Oold 
was discovered there as early as 1852 [S4,p.517]j but mining was 
not begun until about the year 1860. The principal products have, 
however, been gold and silver, especially the former, of which large 
quantities have been obtained from placers. Argentiferous lead ores 
are known to occur in Alturas, Caster, Lemhi, Ada, Owyhee and 
Shoshone counties. Those of the Wood River district, in Alturas 
county, and of the Goeur d'Alene district, in Shoshone county, seem 
to be the most important, and have been by far the largest producers. 

Ooeur D^Alene Mines, — These are situated in Shoshone county, in 
the extreme northern part of the State. The country rocks are prin- 
cipally quartzites, but with these are associated shales and schists. 
They are sharply flexed and trend E.-W. Some of the beds are faulted 
and deflected, and they are also traversed by eruptives. The ores 
occur in what appear to be true fissure veins following fault fissures. 
A mass of breccia generally occurs along the hanging walls, in which 
ores are found. Most of the lead ores appear to occur near the foot- 
wall of the fissure, and exist here in thin seams or in large bodies 
known as bonanzas. The gangue is generally a brecciated quartz with 
much earthy material [4'7,p. 108], 

This is the largest lead-producing district in the United States, 
since the decline of Leadville's production. The ore is low grade, 
ranging from 6 to 10 per cent of lead [ Wo, voL it. p. 394 ]. Thirteen 
dressing-works were in operation in 1891. Most of the concentrates 
are shipped away. The deposits are easily worked, being mostly 
entered by tunnels in the mountain sides. 

The Wood River District. — In this district, are deposits of rich 
argentiferous galena associated with cerussite and oxides of lead and 
iron. The deposits are described [IG^ p. 2] [24, p. 24] [88, p. 55] [184, 
p. 249] as occurring in strata of limestone and quartzite somewhat 
disturbed by faults. The ore seems to be confined to the limestone, 
but is of irregular distribution, and does not conform to the dip and 
strike. Black shales are also found here. 

In Owyhee County are the South mountain argentiferous lead ores. 
The occurrence of these ores seems to be somewhat similar to that 
of the Wood River district. The country rock is limestone [/67,/>. 
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194] [123, p. 55]. The ore iB gulens and carbonate of lead, and seems 
to occar in irregular bodies. Some zinc blende is also foand here, and 
osides of iron are aSBOciated with the carbonates. The ore bodies are 
faulted in some places. It is reported to be a very rich Rilver ore. 
The mines were operated and the ore smelted about the year 1874 
1 7^5, /j. J(j^l, but financial disasters caused cesealion of work in 1875 
[18G,p 227], Since that time little or nothing has been done. 

In Boise county, near Pioneerville, several silver-bearing galena 
veins are reported. Also in Ada county, in what is known as the 
Heath district. In Lemhi connly, the Viola mine has been a large lead 
producer. In Custer coonty, lead occurs near Clayton. 

History and StatisticB. — ^The discovery of argentiferous galena in 
Idaho we dnd noted as far back as 1867, when veins containing this 
ore are reported in the vicinity of Idaho City [J,7. p. :ijfi]. The Bontb 
mountain deposits were discovered aboat 1871, the Wood River dis- 
trict about 1873, the Ada county veins about 1874. The Coeor d'Alene 
mines are, comparatively, of reoent development, having been first dis- 
covered in 1884, bat are now the largest producers in the state. 

The following table, extracted from volume II of the Mineral In- 
drstry, shows the production by districts. It is based upon reports 
of the U. S. Mint, Census and Geological Survey. The produclious 
credited to "Other districts" for the years 1885 88, inclusive, are practi- 
cally those of the Viola mine in Lemhi county. 



THB I-RODUCIIOH OP LBAI 


IN IDAHO 










■ ► 




1 


1 

1 


Yeai 





Tbn.. 
710 

•4,000 
6.000 
7,600 

6.4^3 


7b« 
90 

100 

100 

mo 

3,578 

6.76S 
6 820 
8,000 
838 
700 
563 
6S1 
•700 


7b«. 












7.600 
10.000 


18SS 




5.980 1 7.100 
S.OOO 1 S.MfO 
ie.B64 3.970 
•19,800 4,800 
33.000 B.OOO 
•27.839 4.500 


20.000 
81.500 




isec 


•as 000 


ISDJ 


•33 000 
32,»3 









MONTANA. 193 



MONTANA. 

MoDtaDa has been, dnring the past 40 years, one of the great gold 
and silver producing states of the Union. With these metals, and.espee- 
ially with the silver ores, there are associated varioas compounds of lead 
and zinc, along with other base metals. The mining region of the state is 
principally in the southwestern quarter, in the rugged country of the 
Rocky mountains. The rocks are granites, limestones and sandstones, 
traversed by dikes of later eruptive rocks. With these latter, the ores 
occur. Descriptions of the geology and of the ore deposits of this 
region are few and very meagre at that. In fact, this part of the 
country has received comparatively little study by scientific men. Only 
the briefest description can, hence, be attempted here. 

Emmons, in writing of the ores of Montana [^i, p 95 J, states that 
the ores occur in veins in crystalline rocks, or as irregular deposits in 
sedimentary strata. Many of the former, he states, are of the nature 
of *' metamorphic veins,*' with no definite wall or limit, at least on one 
side. These, he considers, have been formed through the replacement 
of the country rock by minerals in solution. The deposits in limestone 
are of very irregular form. They sometimes extend across the bedding 
planes, but are generally coincident with them, or tend to follow the 
joints and contact surfaces. 

The state is at present a large producer of lead. Zinc is, how- 
ever, not classed among her productions, though it occurs associated 
with other ores. During early years, lead was not shipped from the 
state, on account of the heavy cost of transportation and the low 
price of the metal. The principal lead-ore deposits are in Lewis and 
Olarke, Beaver Head, Jefferson, Silver Bow and Meagher counties. 
Smaller quantities are known to occur in Gallatin, Madison, Deer Lodge 
and Park counties and in the Grow reservation. Zinc blende is asso- 
ciated with most of these, but especially with those of Deer Lodge, 
Jefferson, Park and Silver Bow counties. Gerussite is also reported 
to occur in Missoula county, in the St. Regis district [57. p, 1091], 

In Lewis and Clarke county^ the lead ores are chiefly in the south- 
ern portion, in and about Helena. Lindgren defines these deposits as 
true fissure veins, following or adjacent to the contact between gran- 
ite and a liparitic rock of probable Gretaceous or Tertiary age [241. 
p. 422\. The gangue is principally quartz, carrying argentiferous ga- 
o— 14 
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leaa, with eiilphides of zinc, copper, iron and arsenic. The veins vary 
in width from one to ten feet. 

Bearer Head Oounly. — Here are several districts in which silver 
lead ores are mined ; they are in the eastern portion of the county. 

In the Bannacli district, galena, assouiated with gold and pyrite in 
quartz, occnrs in a limeslone conntry rock, with a hanging wall of so- 
oalled granite. This granite, Emmons thinks [S-J. p 07 ], is more pro- 
perly quartz porphyry or diorite. lu the Argenta district, the ore 
occnrs along a similar contact ; the tormation is the same and the mode 
of occnrreuce of the ore is similar. The veins are very abundant here, 
and more lead was originally found in them than about Bannack. Aa 
greater depths were reached in mining, however, the amount of lead 
diminished. 

In the Vipond dislrict, the country rock is a dolomitic limealone. 
The ore occiirs in this in veins and "pockets," from 4 to 15 ft. in width 
[ISi~.p.i269\, The gangue is principally qnartz, while the ores are 
ceinssite. galena, blue and green copper carbonates, silver copper 
glance, horn silver and, native silver. 

In the Blue Wing district, not far from Bannack, a great number 
of argentiferous lodes occnr, mostly in limestone, though some are iu 
granite. The ores esist in veins or "pockets" from 6 in. to 8 ft. wide. 
Mnch zinc blende is associated with the galena in some of these depos- 
its. 

At Glendale, in this county, are deposits of argentiferons galena 
mixed with zinc blende, copper and iron pyrites. These are parallel to 
the BtratiBcation of a bluish limestone. They are mined by the Flecla 
Consolidated Mining company. The ores contain from 7 to 2S per 
cent of lead. They are smelted at the works of the company in Glen- 
dale. The production of this company daring the past thirteen years 
has averaged over 2000 lone of lead per annum [ IHo. vol. ii. p. Ji'' ]. 

In Jefferson Oounly, veins of argentiferous galena occur. They are 
principally in the northern porlion. In the Hot Springs district, aboitt 
14 milps south of Helena, is the Legal Tender lode. This has been con- 
sidered a true fissure vein in granite [IS.I.p. -'■>'(■'], and on it was, ar one 
time, the largest and best developed silver property in Montana. The 
vein was from one to three feet thick. Both argentiferous galena and 
blende were mined here. Several smallnr veins occur in this district, 
as well aa in the Oolorado mining dietrict, a few miles farther soatb. 
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Silver Bow county^ formerly a part of Deer Lodge county, includes 
the city of Butte and its important mines. In addition, silver-bearing 
ores are found in what is known as the Flint Greek district, northeast 
of Butte City. They occur in limestone, and carry zinc, copper and 
lead minerals. The lodes are said to be near contact with the under- 
lying granite, and to penetrate this rock in places [iS2, p. 222], 

The ores of Butte City are all in granite, and are generally par- 
allel to rhyolite dikes which traverse the granite. According to 
Emmons [79, p. J^], two zones of ore deposits may be recognized, the 
one copper-bearing,'the other silver-bearing. In the latter, the ores are 
silver, lead, zinc and iron sulphides in a siliceous gangue, associated 
with silicate and carbonate of manganese. In the former are carbonates 
of copper and other metals, which changed to sulphides with depths* 
Emmons considers this district as a '^ fissured zone," the Assuring hav- 
ing been produced by some general dynamic movement which shattered 
the whole region. The veins are thus not in deep fault fissures, but 
they were originally narrow crevices along which mineral solutions 
flowed. By solution and replacement those crevices have been en- 
larged and subsequently filled with ore. In evidence of this, h^ ad- 
duces the fact that the ore frequently merges into the country rock,, 
and no well-defined or sharp dividing line can be recognized. As op- 
posed to this, however, there is the fact that well-defined walls have 
been recognized on both sides of a number of these veins. The min- 
eral contents of the vein, Emmons is inclined to believe, were derived 
from the eruptive rhyolites. 

Meagher county. — The Castle district in this county was at one 
time regarded as of great promise, but recent developments have not 
been favorable. The ore occurs in chimneys in limestone, or at the con- 
tact of limestone with igneous rocks. The ore is lead carbonate and 
sulphate, with oxide of iron in a srangue of silica [195, vol, ii, p. S97]. 

In the Neihart district, of this same county, are some promising 
silver-lead deposits. The ore consists of galena in a gangue of quartz 
and barite, occurring in a fissure four or five feet wide. 

In the Crow reservation, at the Clarke Fork mines in the Black- 
more and New World districts, large veins are reported to exist, of 
which the ore carries from 70 to 80% of lead [lS5,p. S24\. 

History and Production. — Mining in Montana is less than 40 years 
old. In 1852, gold was first discovered there in placers, but sluice or 
placer-mining did not begin until 1863. The smelting works of the St. 
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Loais & Montana Smelting company were erected in Beaver Head 
county in 1865. The veins of argentiferous galena in Jefferson county 
were also discovered at an early date and smelting works were erected, 
but were not successfully operated. In 1866 and 1867, several smelt, 
ers were erected about Argenta, but, by 1871, these had largely ceased 
operations, due partly to the fact that the supply of argentiferous lead 
ore was found to diminish with depth, and, further, because transpor- 
tation was so costly for this bulky ore. Smelting works were erected 
at Helena in 1871. In 1873, there were fivefurnacfs in Montana, though 
only two were in operation. Most of the lead was then held back at 
the farnaces as litharge, to await cheaper reduction and lower transpor- 
tation. In 1882, the Hecla Consolidated company of Olendale, in 
Beaver H^ad county, was the largest producer. In 188J-8i the same 
works were prominent; in addition, there was a smelter operating at 
Olendenning, Meagher county, and also at Maiden and Argenta in Beaver 
Head county. In 1887, the Helena Mining and Reduction Company at 
Wicks, in Jefferson county, was a leading producer, and the Hecla Con- 
solidated company was next. During the year 1892, the silver-lead 
mines in Montana were comparatively inactive f A'>J, vol. up.'iO'f\ and 
during 1893 the production declined considerably. 

Figures of production of Montana lead ore have been very diflB- 
cult to obtain. The amounts in all the early shipments were included 
under silver ores, and the lead contents are not known. The following 
table gives such figures as have been available, and these are chiefly 
from the various volumes of the Mineral Resources of the United 
States : 

PRODUCTION OP LKAD IN MONTANA. 



1882 (estimated) 

Of this tbe Hecla Co. produced 2G00 tons. 

1883 

1884 

1886 

The Helena Mining and Reduction Co. produced 3464 tons. 
1889— Beaver Head Co 

Jefferson Co 

Meagher Co 

Other counties ., 
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THB DAKOTAS. 

The miDiDg re^ioa of the Dakotas is in the soathwestern part of 
Soath Dakota, in and about the Black hills. Here, gold ores have 
been mined for many years, and this is the region of the mach mooted 
tin ore. The great ore deposits of the Black hills are in Archean rocks, 
and consist mainly of anriferoas pyrite, though lead and zinc also occur. 

During recent years, extensive deposits of silver-lead ores have 
been developed in the vicinity of Galena, in the Bear Butte district, 
some ten or twelve miles east of Deadwood. Emmons describes these 
as irregular deposits of argentiferous galena and cerussite, with oxides 
of iron, carrying gold and silver. They occur in limestone and quartz- 
ite, and are both transverse and parallel to the stratification planes 
[ S.^, p. SOI ]. 

Mr. F. C. Carpenter considers these contact deposits [ SO p. 'j82 ]. 
Those at Galena he describes as occurring in Potsdam quartzites and 
lime shales. They are parallel to the bedding planes, and have, appar- 
ently, replaced the lime shales. Intrusive sheets of porphyry occur, 
also, between the beds of shale. 

At Iron Hill, deposits consisting essentially of carbonate of lead 
passing into galena at depths, are found in Carboniferous limestone. 
They occupy nearly vertical positions. They are associated here, as 
at Galena, with porphyry dikes. Mr. Carpenter concludes that these 
deposits have been formed by aqueous solutions, through metasomatic 
interchange, as have those at Leadville ; also that they were originally 
deposited as sulphides. He further considers it probable that at least 
the silver lead ores were derived from the intrusive porphyry, in which 
crystals of blende and galena are visible. The gold ore he attributes 
to a different source. 

The development of these lead ores has so far been hardly suffi- 
cient for Dakota to be ranked as a lead-producing state. Hence, few 
figures of production are available. In the Mineral Resources of the 
U. S. for 1887, we find the Iron Hill Mining Co. of Lawrence county, 
and the Galena Mining & Smelting Co. of Galena, credited with a joint 
production of 1000 tons of lead for the year 1887. In Bulletin No. 80 
of the Eleventh Census, the production of the state for 1889 is given 
as 116 tons. In the Mineral Industry for 1892, p. 310, it is noted that 
small amounts of the ores produced came from South Dakota and 
Washington. 




CHAPTER VI . 

INDUSTRY AND STATISTICS OF LEAD AND ZINC. 

By James D. Robertson. 

THE >IETAL1,CKGY OK LEAD— THE METALLUHGY OF ZINC — THE D18TH1BUTION OF LBAD AND ZINC 

W0KK3— STATISTICS AND PRICKS. 

Some of the ases to which lead and zinc have been pnt have al- 
ready been indicated in a preceding chapter. Wej^hall now treat fur- 
ther of these ases, beginning with a description of the processes by 
which the metals are obtained from the ores, and of the methods of mana- 
factnre into the final products. These metals enter, perhaps, more into 
our industrial life than do any others, save iron. Lead is most abund- 
antly employed for the manufacture of white lead, but it is also used in 
the form of pipe, sheet-metal and shot, and, in conjunction with other 
metals, forms alloys, the most important of which is type metal. It is 
also of wide application in pharmacy and industrial chemistry. 

Zinc, while not used so commonly as lead, is, nevertheless, a very 
important metal industrially. It is employed in this country mainly to 
protect iron and steel used in construction, in the form pf sheets for 
various parposes, and in alloys with other metals, forming the brasses 
and bronzes that are so important for delicate machinery. It is also 
used in pharmacy and industrial chemistry. In Europe, a large propor- 
tion of the zinc made is applied to roofing, a use that has not as yet 
been adopted in this country. 

The metallurgical processes involved in the production of the 
metals from their ores, and the methods of manufacture by which the 
metals arc changed into such forms as are demanded by the trade, are 
often so dependent, one on the other, that they will be treated of to- 
gether. 
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THE METALLURGY OF LEAD. 



Did space and time permit, it woald be iotereBting to describe, ia 
this oonDectioD, the early procesaeB whereby the aacieots obtained 
lead from ita oree. Such maat be omitted, bowever, aud for aGConntB of 
these processes the reader is referred to the works of Pliny, Agricola 
and other early writers. The present article will be confined to an 
outline of the modern processes of lead smelting.* 

While there are quite a nnmber of processes which bave for their 
common aim the production of lead from its ores, the final chemical 
reactions on wbicb all these processes depend are the same, namely: 
a preliminary oxidation or roasting of the ore, and a subsequent reduc- 
tion. The manner in which these reactions are reached varies, and the 
process selected should depend on the purity and richness of the ore, 
its qnantily, the kind and quality of fael and the quality of the various 
fluxes obtainable. 

The various processes may be classified, according to the kind of 
furnaces used, as follows: 



The Log Hearth. — A description of this furnace is introdaced 

here on account of its importance in the early days of lead-smeitlng 

^„ in the Mississippi valley. In it all 

tC-L^^^^^^SS ' . .' _ ^^^ '^**1 '° Missouri was smelted 

«|S^S:^^^^^^"^~ 1 before 1820. It cannot be classed 

,., <^JT^5pi^^^^f^^^^ with any other type of furnace, being 

• ^''' "'^^v-C^Sj^ ^f ^jy^^*^^ only ao improved form of camp-fire 

•f, ;\^w^^^MJ^S' (in which undoubtedly lead ores were 

Fig. 1. Thfl Log FuroMw. Originally Smelted ), surrounded by a 

wall. The adjoining figure will illustrate its constrnction. According 

to Schoolcraft [JO-S.p. !f-S], the furnace was built against the side of a 

bill, having a slope of about 45 degrees. Three large oak logs were 

rolled into the furnace, resting on the ledges shown in the figure ; 

small split logs were set op vertically around the furnace, and the ore,in 

lumps averaging 15 pounds in weight, was piled on top, about 6000 

*Ib theprepanlion of this arlLcls th« niitrr has coneoltod in*DT ■DthOTlKei, &U of wbleb It 
li not pricllcible Co mention hue. He li, howeTer, HpoclBlly Indebled 10 Mt. Anbar Tbacber, 
S H , or 81. LooIb, wbo made many nieftil anggMtlont, aod who read the Ui. berorelt WM acot 
totha pTipten. Uaoy Ideu aod aome abatraeta were taken rrom Prof. II. O HotTmao'i admliabls 
work on lead- ameltlDg, an ol nhlob. It ti belleTed, ua cndltvdtotheaathoT. 
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pounds being oonaidered a cbarge. The whole waa then covered wid 
logs and the iire started. This was kept low, the ore being gradual)] 
roasted for about twelve honrs. Afterward a stronger heat was malni 
tained for another period of twelve honrs, Onriug which time Ibe leai 
flowed ont into the basin in front. Sometimes this length of time wm 
not suflicient and another period of twelve hours or more was required, 
this depending largely npon the skill of the furnace-man. The yield 
was abont 50 per cent of the lead in the ore. 



THB BBTBHBEBATOBY FUBNACE. 

The reverberatory is the simplest of all processes. The <: 
treated in a furnace of the type whieh gives the process its name. This 
fnrnace is perhaps the least expensive of any now used in lead-smelt- 
ing. It is of comparatively easy construction, employs wood as fuel 
and requires no blast in its operation. 

The reverberatory process depends on the following reaulic 
PbS + PbO=3Pb + SOs 
PbS + PbSO* =2Pb-l-2S02 

The ore is first gently heated nntil a part is osidized. As a result^ 
some lead oxide and some sulphate are formed, the relative amounts 
depending upon the tenmerature at which the roasting is carried on; 
the higher the temperalnre, the greater the qnantily of sulphate. The 
bulk of the sulphur being thus eliminated, the temperature is raised 
stilt higher, when the oxide and the sulphate react on the remaining 
sulphide and produce metallic lead, as sbown in the above equations 
This is an outline of the process ; in different places, local conditions 
have given rise to Bomewbal varied practices. The more important of 
these will be described later in some detail, and others will be d 
referred to. It may not be out of place to remark here thai the re« 
tions in the log furnace are essentially the siime as those just describflj 
The Ash furnace was introduced into Missouri in 1798 by MOM 
Austin, to sujiplement the smelting of lead in the log furnace, 
designed to receive the residue or " ashes of lead " from the log fur- 
nace, and, an these were already in a more or less oxidized conditioD, 
further roasting was omitted and the charge was immediately reduced 
at a moderately high temperature, in which process the fragments 
of charred wood in the residue assisted. The general plan of this 
furnace is shown in the next figure. The slope of the tine was abont 
5J ft. in 10 ft. The ashes of lead, or residue, were taken from 1 
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log farnace, crushed moderately 
floe, and washed by a rade bad- 
dliDg process. Tbey were then 
charged into the door &t the far 
~. end of the farnace, with eand or 
,4t? crushed Hint in alternate layers, 
tSlAf'p&ad, as fast as well heated, were 
'^fi0* shoved farther in, until a fall 
'hiv''' charge was made. In about two 
hours, the furnace was ready for 
tapping. The slag was tapped 
FiQ 2. Tbe Aah FarnKos. off first, then the lead, on Oppo- 

site sides of the furnace. The "ashea of lead " gave about 15 per 
cent of the lead in the ore by this method. The farnace lasted abont 
fifteen or twenty days, coulinaous work. It was made of Jimeetone 
and wore out rapidly. 

The Air or Druinmond Fur- 
nace This furnace was for- 
merly used very largely, and is 
still at>ed to some estent in 
the Mississippi valley. It was 
generflljy bnilt of stone, al- 
^ though some have been made 
of red brick and lined with 
fireclay. The general design 
is shown in fignre 3, The 
hearth is nsnally 9 to 10 feet 
in length, and 3 to 4 feet in 
breadth at its widest part, 
and has a slope of about two 
inches to the foot toward the 
lead well. The grate is placed 
at right angles to the furnace, 
and is nsnally about 5 feet in 
length by 2 feet in breadth. 
Between it and the furnace, a 
bridge or low wall of fire-brick 
built, over which the dame 
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The ore, galena, is charged at the upper door, about 1,500 lbs. 
a time. It is spread evenly over Ihe faeartb, and the lemperatore 
flret kept low, dnriug which time purtial oxidation takes place. AfCi 
an hoar or two, the heat ia raised slightly, though not enongh 1o fai 
the ore. Rednction follows and the lead begins to How into ibe leatl' 
kettle or well. When the flow diminishee. Ihe operation is repeated. 
the smelter adding some of Ihe ushce from the ash-pi), for the double 
purpose of making the charge less liable to fuse and of reducing some 
of the lead by means of the partly charred wood in the ashes. After 
]0 or 1^ hours, the reeidne remaining in the furnace is all osidi/ed, 
and the amount of earthy impurities is so great that very litlle more 
lead can be gotten. This residue is then removed and a new charge 
iotrodneed. The lead in the kettle is skimmed by chips of wood and 
cast into pigs. The process reijaires the labor of one smelter and one 
helper, and consumes about 1} cords of wood. The yield is generally 
about 80 to 90 per cent of the lead in the ores. 

The Carinthian Fvrnace.~ln Kaibl. in Curinthia, the furnace is ooi 
atructed somewhat differently. The hearth tapers from the middlo* 
toward the front or working door, and the fireplace, instead of being at 
right angles, is parallel to the axis of the hearth, and is very long, about 
7 ft., and only 15 inches wide ; it is connected with the hearth near the 
charging door. The ore is thus charged into the hottest part of Ihe 
furnace, and the lead is worked off in a gradually decreasing tempera' 
ture, while in the air furnace it works from a cooler into a hotter tem- 
perature. The virgin lead obtained by this process is thus prodaced 
at a lower temperature, and contains for this reason less impniilies 
than that produced by the air furnace. However, after this portion 
of the lead, known as Ihe virgin lead, is extracted as described above, 
a further treatment is given by niising Ihe temperature still higher and 
working with charcoal breeze until a further portion of lead 
traded. This lead, known as slag lead, contains more of the impni 
ties of the ore, and is usually refined by a process of liquatioi 
Recenlly, this method has been abandoned at Bleiberg, the Silesi 
process, described later, being eabslituted. 

Flinleltire or Engliah Method. — The main points of difference be- 
tween lhis method and the one Inst described, are that the charge is 
larger, the furnace ia rather differently planned, and is larger also. 



at I 



and a higher temperature i 



. coal being used as fuel, Thw 
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v Farnsce fOTDurly Qi 



general design of the farnace is 
sbown in figure i. The hearth 
' is trapezoidal in shape, sboot 10 
fl. in length and also in breadth 
, at ite widest part. The grate is 
] abont 4} ft. by 2 ft. The farnace 
^ is generally built of red brick and 
lined with fire-brick. 
The general outline of the pro- 
Loess is as follows: A large 
j charge is introduced and roasted 
rapidly, with an increasing tem- 
perature. Thus, a comparatively 
small part of lead is obtained. 
Then, on raising the tempera- 
ture, metallic lead and sub-sulphide are formed as follows: 
2PbS + PbSO,=Pb+Pb,S-f2SO,. 
The snb-sulpbide thus formed next decomposes, forming lead and 
the normal sntpbide. The charge is then slightly cooled, allowing the 
salpbide to oxidize, and thus the process proceeds. Daring this pro- 
cess, an oxy-sulphide of lead, of somewhat uncertain composition ( pro- 
bably rbOS ), is also formed ; carbon is added in the form of charcoal 
or fine coal to decompose this, and lime is also added to stiffen the 
charge and render it leas fusible. The lime combines with the residua 
and the Tarions compounds of lead, forming a slag, known as gray slag. 
This method requires very careful work. Four skilled smelters 
will handle four charges in 24 hours, working 12 hoar shifts. Aboat 
two tons of coal and 300 pounds of lime are consumed. The yield ia 
from 80 to 90 per cent of the lead ia the ore. The gray slag amounts 
to about 25 per cent of the weight of the ore and carries 30 to 10 per 
cent of lead. The fume, which is condensed in the fines, varies COQ- 
eiderably in quantity, and is saved and recharged into the farnace. 

In some districts of France and Germany, another modification of 
this method is used. Iq all reverberatory processes, the presence of 
silica in the ore is a serious detriment, as it combines directly with the 
lead and reduces the product. The French method is designed to treat 
snch siliceous ores. In it the aim is to roast the ore at a low tem- 
perature, thas making as much sulphate as possible. The temperatare 
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is then raised nearly to the fusing point, and a large quantity of the 
oxide is produced, as in the following equation : 

PbS+3PbSO,=4PbO+4S02. 

At the same time, carbon is added in the form of fine coal, which 
reduces the oxide readily to metallic lead, as follows: 

4PbO+4C=4Pb+4CO. 

The sulphate which is left over is reduced to sulphide. The reduc- 
tion of the oxide takes place so quickly that there is no opportunity for 
the lead and silica to combine. The yield is about 80 per cent of the 
lead in the ore. The slag produced is greater in quantity, but not so 
high in lead. 

A process, known as the precipitation or Vienne process, was 
formerly practiced. It consisted in adding scrap iron to the charge in 
the furnace to desulphurize the galena: 

Pb S+Fe=Pb+Fe S. 

This is now largely abandoned, the use of iron being costly and the 
fuel expense great ; moreover, the sulphide of iron carries off some of 
the lead with it. 

The Silesian Method, — At Tarnowitz, Silesia, an important modifi- 
cation of the reverberatory process is used, that, in some respects, 
resembles the Flintshire method. The furnace is rectangular, the 
hearth being about 16 ft. by 9 ft. The fire-place is at the end of the 
furnace, extending across it, with a grate 8 ft. by 20 ins. The lead is 
drawn at the end of the furnace farthest from the fire. The ore, which 
generally contains a small part of the lead, in an oxidized form, is 
charged through a hopper in the roof of the furnace. About 4 tons^ 
constituting a charge, are spread over the bottom of the furnace and 
roasted at a low red heat for 3 or 4 hours, during which time the ore 
is rabbled every 20 minutes, to assist the roasting process. Toward 
the end, some 300 to 600 lbs. of carbonate ore or flue dust, containing 
about 4.5 per cent of lead, are added to increase the amount of oxide 
in the ore. The fire is then quickened, and soon the lead commences 
to flow. After this flow ceases, lime is added to thicken the charge,, 
and the process is repeated. This is done several times, the amount 
of lead obtained at each repetition being less. Before the last reaction 
takes place, the mixture of dross and coal obtained in poling the lead 
is thrown into the furnace and worked into the charge and covered 
with fine coal. The temperature is raised and the last ^^ield of lead 
made. After this, the residues remaining in the furnace are drawn. The 
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will bold abont 2,500 lbs of 
lead. The residaes from pre- 
vioae rnns are added, with a 
little charcoal; then, charges 
of mixed charcoal and crashed 
galeoa, aboat 20 to 30 lbs. at 
a time. The lead is gradually 
reduced byoxidatton and rednc- 
tiOD. A little lime maybe ad- 
ded occaBiooalty and tbe slag 
scraped off. The lead rnne into 
the well in front of the farDace, 
and is, from time to time, ladled 
into moulds. Two men will 
treat 3000 lbs. of ore in one 
shift of eight boors. The 
beartb will yield aboat SO to 90 
per cent of the lead. It con- 
sumes aboat II to 15 bushels 
of ebarcoal per shift. 

The slags contain npward of 30 per cent of lead, mostly in metallic 
form, although mnch is combined. They are treated in a farnace known 
as a "slag eye," really a low blast furnace aboat 4 ft. high. Tbis fur- 
nace is abont 2 ft. wide at the back and 1^ ft. in front ; it has one and 
Bometimes two tuyeres in tbe back. The front is almost entirely closed 
by a fore-wall that comes down into the enmp. 

The slag, mixed with sufficient lime and iron ( in protoxide form 
preferably, as the redncing action is not very strong ) to make a fluid 
slag, is charged with charcoal into the farnace. The lead is rednced 
and collected in the well and tbe slag allowed to flow oat through the 
hole above in the fore-wall. Tbe slag should not contain over 3 per 
cent of lead. The lead produced in this furnace is not so pure as that 
obtained from tbe hearth. A farnace such as the above will treat 
4000 to 5000 lbs. of slag in 24 hours. 

The Letcis-Barllett Process. — In Joplin, Mo., at the works of tbe 
Rcher White Lead Co., there is a rather pecaliar modiflcation of the 
Scotch hearth. A furnace of large size is nsed with a heated blast, 
and a considerable porlioo of the lead is pnrposely volatilized for the 
mannfactnre of white paint. The farnace is a large, doable, open hearth. 
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THE HEARTH FDBNAOB. 

The hearth process depeuda subBtantiallj' npon the same principles 
as the reverberatory process, save that the roasting and rednction are 
oarried on simnUaneonaly. The furnace consists of a rectaugnlar hasio, . 
whose back and side walls are carried np a foot or more, leaviog tb 
front and top open. The basin is kept fall of moUen lead, and c 
the ore aud fuel are charged. A blast of air plays on the sarface, 
raising the temperature and oxidizing the ore, which is then rednced 
principally by the heated lead sulphide which has not been oxidized, 
aod also by the carbon. The lead flows off into the well in front of I 
the basin. The different methods in use Id hearth practice are dntt 
almost entirely to the variations iu the form of furnace used. 

The oriffinal Backwoods Hearth was bailt entirety of stone. It was 
awkward and became very hot iu working, and thus could be used only 
intermittently. Further, it was difficult to secure the proper atocea 
and dress them for the lining of the hearth, and the aciioQ of the lead 
oxide OD tbeoi was quite marked. Later, these stones were replaced 
by solid cast-iron blocks, called stones by the smelters, which were 
built into the proper places. While subject to the objection that they 
were not adapted to continuous work, they were an improvement on the 
stone. In liossie, N. Y,, a farnaoe was used for a time which obtained J 
considerable notoriety as the American-Scotch hearth. It consisted ofl 
a hollow cast-iron frame in which the blast circulated before beincl 
thrown upon the fire, thu@ producing a heated blast. The heated blaatl^ 
increases volatilization; hence, this furnace was not popular, and, sal 
far aa the writer can ascertain, was not used elsewhere except at tbfl| 
Lone Elm works, where the principle of the hot blast is applied foi 
the specific purpose of increasing the volatilization. This will be^ 
referred to later. 

The Water Back Scotch Hearth.— This furnace, shown in figure 5, U 
made of cast iron, the basin being cast in one piece, aud the bacti 
and sides in another piece. There are three tuyere holes in the backfl 
which is made hollow for the circulation of water. This renders itT 
possible to use the furnace continuously, an impossibility in all thAl 
earlier forms. The treatment of the ore is so similar in all forms ttukt-l 
separate descriplione are unnecessary. 

The basin is always kept full of lead. If a furnace is being started,^ 
it is filled by melting pig lead. A hearth like that shown in the figure 1 
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will hold about 2,600 lbs of 
lead. The residtieB from pre- 
vious runs are added, with a 
little charcoal ; theo, charges 
of mixed charcoal and crushed 
galena, abont 20 to 30 lbs. at 
a time. The lead is gradaally 
reduced byoxidati on and redac- 
tion. A little lime maybe ad- 
ded occasionally and the slag 
scraped off. The lead rnnB into 
the well in front of the farcace, 
and is, from time to time, ladled 
ioto tuonlds. Two men will 
treat 3000 lbs. of ore in one 
shift of eight hours. The 
hearth will j'icid about SO to 90 
per cent of the lead. It con- 
PlgO, TbeAnwrloan WftterBackSootch Uesilb. SQmeS about 14 to 15 bushels 
of charcoal per shift. 

The slags contaiu npward of 30 per cent of lead, mostly id metallic 
form, althoagh macb is combiucd. Tliey are treated in a furnace kuowu 
as a "sla^ e;e," really a low blast fnruace about 4 ft. high. This fnr- 
nace is abont 2 ft. wide at the back and 1^ ft. in front ; it has one and 
sometimes two tuyeres in the back. The ftont is almost entirely closed 
by a fore-wall that comes down into the sump. 

The slag, mixed with safficieut lime and iron ( in protoxide form 
preferably, as the reducing action is not very strong) to make a fluid 
slag, is charged with charcoal into the fnruace. The lead is reduced 
and collected in the well aud the slag allowed to flow out through the 
hole above in the fore-wall. The slag should not contain over 2 per 
cent of lead. The lead produced in this furnace is not so pure as that 
obtained from the hearth. A furnace such as the abore will treat 
4000 to GOOO lbs. of slag in 24 honrs. 

Tke Lewit-Bartlett Process In Joplin, Mo,, at the works of the 

Picher White Lead Co., there is a rather peculiar modification of the 
Scotch hearth. A furnace of large size is used with a heated blast, 
and a considerable portion of the lead is purposely volatilized for the 
manufacture of white paint. The furnace is a large, double, open hearth. 
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bailt of cast iron and sapported on pillars. The sides of the furnace 

being hollow, the blast flows tbrongh 
them before entering the air box, thus 
becoming well heated. The two for- 
naces are entirely independent. When 
in operation the hearth is fall of mol- 
ten lead and ore; galena is added to- 
gether with bituminoas coal and a little 
lime to stiffen the slags. The oxidizing 
and reducing actions go on simultane- 
i-Lously, but imperfectly, and the ore is 
only partially reduced. The slag, so 
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Fk;. 6. The Baitlett Scotch Hearth 

called, is worked out by the smelters and taken to the slag furnace. 

The products of the lirst smelting are metallic lead, slag (consist- 
ing largely of half smelted ore) and fume, which latter is collected in 
the fume chambers. This fume is drawn by an exhaust into large bags 
of unwashed wool that empty into hoppers below. These bags retain 
all the fume or tine dust, allowing the gases to escape through them. 
The composition of this dust is shown by analysis No. 11, below. 

ANALYSES OF FLMK AND SUBLIMED WHITE LEAD PRODUCED BY LEWI8-BARTLKTT PROCB88.* 



PbO 



PbSO,,. 
Pb S.. . . 
Zn O.... 



• • • • 



Ca, O3 



Al O 



SiO, 
CO. 



Na^ O... 
Totals 




99.65 



*The analjEes of the various products are taken from an article describing the prooeta by F. 

f*. Dewey [W, p ';,"'.]. 
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The flue daet is next drawn from the hoppers ander the bags on to 
the floor, where it is ignited and burns without the addition of fuel. 
The composition of the flue dust after burning is given in analysis 
No. 2. This burnt flue dust, together with the slag before mentioned, 
is then re-smelted in a slag eye. The slag consists of an agglomerated 
mass of the various impurities of the ore, fragments of coal, metallic 
lead, raw and partially roasted galena, together with the lime which was 
added to stiffen it and make it ^^ball up" so that it may be readily 
removed. It will carry about 50 per cent lead and may run as high as 
75 per cent. The roasted flue dust and slag are charged into the slag eye 
with tin-scrap and coke. The furnace is of the cupola type, low and with a 
stack leading into another dust chamber. The volatilized products and 
gases are carried into another building, and collected in bags similar to 
those used in the^first operation. The fume is a white impalpable pow- 
der, which is packed in barrels and sold as " Sublimed White Lead." Its 
composition is given in analysis No. 3 of the above table. 

The slag from the slag furnace is generally black in color and of a 
vitreous luster. A portion of it is used in the furnace over and over 
again, to protect the walls from corrosion. It contains about 10 per 
cent of metallic lead. 

A series of analyses of metallic leads, made by the hearth process, 
is given in the following table : 

▲NALYSE8 OF PIG LBAD PRODUCED BY THE HEARTH FURNACE. 



Arsenic, 



AntimoDy 
Silver 



Copper. 
Iron ... 



Zinc .. 
Nickel 
Cobalt 



Sulphur 

Lead ( by difference ) 



(1) 
OOOIS 

O.0O093 

0.00045 



(2) 
00021 

0.00266 

0.00025 



0.00479 0.00463 



0.00220 
0.00142 



0.00777 
0.02071 



0.00047 0.00021 



Tr. 

99.98S50 



99.96340 



(3) 
0.00011 

0.00146 

0.00056 

0.01782 

0.006S6 

0.00033 

0.00077 

0.00005 



(4) 
U. 00925 

00184 

0.00615 

0.03742 

0.02497 

0.00118 



99.91919 



(1) Granby, Mo., Williams [BSS.p.eS], 

(2) Moffett & Sergeant, Lone Elm { Joplln ), Williams \J38, p.64\, 

(3) Plcher White L^ad Co., Joplln, Dewey [66, p. 68?]. 

(4) Valle Mines, Jefferson Co., Mo., Williams \_S38y p. 67]. 
G— 16 
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THE CUPOLA FURNACE. 

The cupola process introduces few new principles. Tt differs from 
the processes just described, in that it divides the operation asaallj % 
performed in one furnace, into two distinct steps, each performed in a 
separate furnace. It is adapted to all ores, but especially to the leaner 
and less pure ones. 

In some parts of France and Germany, a process is in vogue by 
means of which lead ores are smelted in the blast furnace, without a 
previous oxidizing or roasting, by the use of metallic iron. This pro- 
cess, which has never obtained firm hold in this country, depends on 
the greater affinity of iron than lead for sulphur. The galena was 
reduced to the metal by the direct substitution of iron for lead, pro- 
ducing a fusible sulphide of iron, or matte. This process is not, how- 
ever, a very practical one. The high temperature necessary involves 
too great a fuel expense, the cost of metallic iron is high and the sepa- 
ration is not perfect. More or less lead is carried away by the matte 
mechanically, and, when this is roasted and resmelted, it makes an 
impure lead. 

The method in general use in this country is what is known as th«^ 
Koast-Reduction method. The general outline of the process is to 
roast the ore in a reverberatory furnace, and, by adding sand, to con- 
vert it into the silicate. This is then treated in a cupola furnace and 
reduced to metallic lead. The various products formed are: 1) metal ; 
2) slag, consisting of the earthy constituents of the ore, together with 
the necessary ingredients which are added to flux them ; 3) matte, con- 
sisting of the sulphur remaining in the roasted ore combined with iron, 
which iv^ added purposely to liberate it from the lead; 4) speiss, a 
similar c'ompound formed by arsenical ores, in which arsenic takes the 
place of sulphur; T)^ tine dust, consisting of the volatilized compounds 
and of those mechanically carried off from the cupola furnace, which 
is rich ill lead and is tiuallv retreated. 

Ores consisting of oxidized foruis of lead or in which such forms 
predominate may. of course, be smelted directly, without previous 
roasiiui:. 

I\:uistiu<}. The aim o( the roasting operation is to oxidize the ore 
as complctolv as possible. Tin's is done by exposing it to oxidizing 
action in a reverberatory tVirnaco, at a gradually increasing tempera- 
ture. If the ore is not sut^icientlv siliceous, as is often the case with 
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the noQ-argentiferonB ores fonnd in limestoDe 
regions, a qoautity of qaartz sand is added. 
The argeatiferona ores nsaally have a qaartz 
gaague, and seldom, if ever, need any addi- 
tional silica. This silica eerves two main 
purposes : first, it decomposes the snlpfaate 
that may have been formed ; and second, it 
agglomerates the ore so that it may be charged 
into the cupola fnrnace withontloss. In basic 
ores, its presence is farther necesBary to far- ^ 
nish the acid requisite to form the slag. The ., 
ore is roasted in a reverberatory farnace on 
the plan of that shown in figure 7, which rep- | 
resents the furnace used at Mine LaMotte, f 
Mo.; in plate III a photographic view of such j 
a fnrnace is represented. This furnace has a n 
hearth 55 to 60 ft. in length, and 11 to 13 ft. in | 
breadth. In some cases the hearth is in- '^ 
clined at a slight pitch ( 1 invh in 5 to 10 ft. ), ^ 
and in other cases it is divided into fonr or ^ 
six parts by short steps, the portion between ° 
the steps remainiug horizontal. The roof is | 
carried on a fiat arch aboat 15 to 20 in. above ? 
the hearth. The grate extends across the a 
fnrnace and is about 10 to 12 ft. long and 18 ^ 
in, to 2 ft. wide. A bridge of fire-brick, some- ^ 
times hollow, to allow of circalation of air, ^ 
separates the grate from the hearth, and is ^ 
generally aboat 20 io. wide and rises 8 to 10 ^ 
in. above the hearth. When wood is used \ 
as fael, the grate is lowered some distance to 
allow of a hot fire being maintained. 

In some of the more recent furnaces, 
the portion of the hearth nearest the bridge, 
where the ore is fased, is contracted so a^ to 
concentrate the heat. It is then termed the 
fusion box. Sach a design is shown in fig. 8.* 



•It hit baan atilad that this form 
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Fig. 8. Fnsion Hearth of Reverberatory Fnrsace nEed 
at Omaha and Grant Works, Denver. 



The furnace is built of fire- 
brick, but red brick is often 
substituted where the heat is 
not great, as near the flue 
end of the furnace. The door 
frames are all of cast iron, 
and the whole structure is 
strongly braced by means of 
buck-staves and tie-rods. 

About 1600 to 3000 lbs of 
ore, crushed to 1-10 inch size 
and smaller, is charged every 
six hours, the previous charge 
having been moved forward- 
Every hour, and sometimes 
more frequently, the ore is 
stirred or rabbled, so as to 
expose it thoroughly to the 
oxidizing influence. After it 



has reached the bridge, during the last two hours, the heat is raised 
somewhat, and the ore is sintered. If there is need of silica in the 
ore, it is added at this point. The charge is finally drawn in a pasty 
condition, cooled and broken up for the blast furnace. 

The amount of sulphur remaining in the ore varies. In Europe^ 
with low wages and cheap fuel, it is practicable to reduce the sulphur 
contents of the roasted ore to one per cent and less ( Mechernich, 0.6 
per cent); but in this country, 5 per cent is considered fair practice, 
and it is rare that less than 3 per cent is obtained, and 7i per cent 
is not infrequent. This is dependent entirely upon local conditions. 
In this country, it is found more convenient, on the whole, not to roast 
so close, and to extract the remaining sulphur in the cupola furnace. 
One reason for this is, that the large establishments which buy these 
ores make up a mixture that often contains considerable copper; a cer- 
tain amount of sulphur is required to combine with this copper to form 
a matte, and to prevent this metal from going into the slag, where it 
would be a much harder task to save it. 

The fuel used in roasting may be either coal or wood. About } 
to }^ of a ton of bituminous coal, or a half a cord of oak wood is 
required to the ton of ore, when the process is carried on continuously. 
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Three men are asaally employed continaoasly on a furnace, io 12hoar 
shifts. Such a farnace will produce 12,000 lbs. of roasted ore per day 
of 24 hours; so the average yield is one ton per man per day. 

A furnace for roasting lead ores, embodying some rather novel 
features, has recently been patented by Mr. Eichard Pearce, of the 
Argo works, Colo. It is circular in form, the hearth being a ring about 
36 ft. in diameter and 8 it. in width. Mechanical stirrers, in the shape 
of long arms, carrying plowshare-like teeth, radiate from a central 
shaft and revolve slowly, a slot being left in the inner wall of the fur" 
nace through which these arms may move. The fire-places, of which 
there are two, are built on the outside of the furnace. The capacity is 
reported to be about 22 tons in 24 hours, during which the percentage 
of sulphur is reduced from 30% to 5 to 7% [164, P- ^^^]- The fur- 
nace is an improvement on the old O'Hara mechanical furnace. Another 
furnace, somewhat similar in design, is the Brown Horse- shoe furnace, 
which might be used for roasting lead ores. It will be described in 
connection with the roasting of zinc ores. 

Reduction. — The next operation is the reduction of the ore in the 
cupola or blast furnace. The reactions here involved are as follows: 
First, the reduction of the lead silicate to metallic lead, by substituting 
other bases, such as iron and lime, to combine with the silica and form 
a slag, and the subsequent reduction of the lead oxide by the carbon 
and carbon monoxide in the furnace. Second, the reduction of the 
sulphide of lead in the roasted ore by direct substitution of iron for 
lead, the iron combining with the sulphur and forming a matte. 

In connection with the first reactions, the composition of the slags 
is of first importance. During the last decade, this subject has at- 
tracted much attention, and the scientific journals bear witness to 
much careful thought and investigation. 

The slag generally made in lead smelting is a singulo-silicate, or a 
silicate in which the ratio of the oxygen in the base to that in the acid 
or silica is as 1 : 1. In some cases, a sesqui-silicate or a bi-silicate may 
be used, the ratios of which are respectively 2 : 3 and 1 : 2. The bases 
which may enter the slag are ferrous oxide, manganous oxide, lime, 
magnesia and baryta. The iron is generally charged in the form of an 
ore which is easily converted from a ferric to a ferrous condition, or in 
a ferrous state as iron furnace cinder. Within certain limits, the more 
iron the slag contains, the greater its fusibility, and so far it is bene- 
ficial. Beyond this limit, the tendency is for the iron to be reduced to 
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the metallic state, forming accretions on the wall which are very dis- 
astrous to good work. The fanction of iron is, as has been intimated^ 
to combine with the silica, setting free the lead and forming a slag. It 
also combines with the snlphar, setting free lead from thb anroasted 
portions of the ore, and forms a matte. Manganese acts so like iron that 
it is considered as snch in calculating the charge. Lime by itself makes 
a thick pasty slag, bat with other bases, in proper proportions, it makes 
a very good slag. Magnesia has always been considered as acting 
similar to lime, but even with other bases its tendency is to make the 
slag stiffer and less fasible, especially if zinc be present. It is often 
impracticable, however, to get a limestone that does not contain an 
appreciable amoant of magnesia. Baryta is calculated as lime in slags^ 
bat a part of it is liable to go into the matte, thus increasing its density 
and rendering a clear separation of matte, slag and metal difflcalt. 
Alumina is not very frequently found in lead slags. It is introduced 
with the ore or as an impurity in the fluxes. Its action is to lessen the 
fluidity, and it probably acts as an acid [202, p. 58 ]. At any rate, more 
lime and less silica is needed. Zinc, while not rated a slag constituent^ 
is often found in base ores and must be gotten rid of in the slags. It 
^ very objectionable, making thick, pasty slags, and causing a loss in 
lead and also in silver. Smelters make a higher charge for treating 
ores carrying over 5 to 7 per cent of zinc. Copper goes into the matte 
when in an ore, and may be recovered. Arsenic and antimony are 
volatilized to a certain extent, but enough generally remains to render 
the lead hard and impure. Arsenic will combine to a large extent with 
the iron and form a speiss, but the antimony generally goes with the 
metallic lead. 

The commonest slag which is met with in lead smelting is one in 
which the ratio of FeO to CaO is 2:1, of which the formula is 6 FeO to 
3 SiO,+4 GaO sup 2 Si02. The calculated amounts of the constituents 
are approximately, 40 per cent FeO, 20 per cent CaO and 30 per cent SiOi. 
This makes an excellent slag. With ferruginous ores, however, where 
sufficient lime would make too bulky a charge, a slag with a ratio of 4 
to 1 is often used, the formula of which is G FeO SiO,+2 CaO Si02, 
which corresponds to 50 per cent FeO, 12 per cent CaO and 28 per 
cent SiOa. Hoff'man, from tables compiled from various authorities^ 
says that, in general, lead slags may exhibit the following variations 
[ lOS, p. 136 ] : 

8i02, 2$ to 36 per cent ; FeO, 24 to 52 per cent ; CaO, 10 to 30 per cent. 
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The eapols farnace need is of the generftl design Bbovn in Bg. 9. 
It may be divided into three parts: 1) the crucible where tbe lead 




Fig, 8. Cupola Fi 

matte aod slaga collect ; 2) the bosh, which is the zone of the highest 
temperatnre, and is pierced by tbe tnyeres; and H) the stack or reser* 
voirs for the ore, fael aod flux. Tbe shape of tbe horizontal section 
of the furnace may be either circular { Pilz ) or rectangular [ Racbette ). 
The latter is, however, becoming much more generally naed.becanse it 
can be made larger. There is a limit beyond which the blast from the 
tnyeres will not penetrate tbe charge, and in a circular farnace this is 
reached when the diameter is 50 inches. The rectangular furnace is, 
however, generally built 42 by 120 inches. 

The general style of the farnace nsed in southeastern Missouri is 
shown in plale III. The foundation should be very solid, on rock if pos- 
sible. The crucible is bnilt of broken stag, or of clay and coke rammed 
to the proper shape williin a brick wall, with an inverted arch at the 
bottom. It is surrounded by heavy iron plates bolted together. The 
walls at the bosb.are formed by hollow, cast-iron sections, called water 
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.jackets, throagb whicb -water flows, keeping the temperature down. 
CoQeiderable beat is lost here, but as yet no practical plan of preveot- 
iog this has been devised. With walls bailt of firebrick or any other 
refractory lualerial so far need, the cheniifal action is so great aa to 
rapidly ent them out. Holes are provided in the water jackets for the 
insertion of tuyeres, through wbich Ibe blast is introduced. Tbe stack 
is built of red brick, quite thick at the base to prevent the loss of 
heat, and it rests on an iron ring-plate, eupported on iron colamus. 
It is lined with fire-brick in snch a way that it may be relined witboat 
disturbing ihe outer wall, According to Hoffman \19J, vol. %*■, p. 43J], 
theZeehan and Dnndas furnaces in Tasmania, and tbe Broken Hill fur- 
naces in New South Wales, are using wrnnght iron water Jackets to 
form a portion of tbe stack above tbe tuyeres. This was tried at the 
LaPlala furnaces in Leadville several years ago without success, there 
being an excessive heat loss. The furnace is froin 10 lo 16 ft. in height 
from the tuyere to the charging door. The chimney above the charg- 
ing door is varionsly made. In eilver-lead works, where there are fre- 
quently several furnaces operated in the same building and tbe fume is 
of value owing to its silver contents, the fume and furnace gases are 
taken off just below the charging floor through a pipe, the gases from 
all the furnaces leading into one chamber. In such works, a etaok 
above the charging floor ie often omitted, a plate being laid across tbe 
bole tbrougb which the charge is Ibrown inio the furnace. In non- 
argentiferous lead furnaces, tbe stack is generally carried up some 10 ft. 
above the charging door, which then is in the side of the furnace. 

The lead is nsnally tapped from a basin, connected with the cru- 
cible, known as a siphon tap. Tbe slag and matte are tapped from the 
same orifice in the front of tbe furnace, sometimes reinforced by a 
water-Jacketed lining, such as tbe Arents or Luerman cinder tap. Be- 
cently, trials have been made toward using separate openings for taking 
off tbe matte and slag. 

The charge of ore, fuel and flux is calculated by the metallnrgiBt 
f^om tbe analyses of the various ingredients. The amount of fuel pres- 
ent, called the fuel ratio, should be about 15 per cent, but it frequently 
runs below this. Tbe lead contents should be about 15 per cent also, 
but with pure ores this percentage is frequently decreased to 10 per . 
cent, and sometimes less. 

The charge determined, the ore and flux are mixed and brought to ^ 
the charging door and evenly dislributed iu tbe furnace. The fuel 
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is added separately where needed. At the slag-tap, the farnace man 
draws oif the slag as it forms, [also the matte, removing the latter 
for retreatment. The matte is in general reroasted on heaps or kilns, 
or possibly reverberatories, and charged again as iron flux. If it con- 
tain copper, this metal may be thus concentrated, after which the 
matte is sent to the refining works for the extraction of the copper. 

The blast is furnished by a blowing engine, either Baker or Boot, 
and is usually of about 8 ounces pressure. A heavier blast would 
cause too rapid working, and the separation would not be perfect. 

The capacity of a furnace varies a great deal with the character 
of its work. In southeastern Missouri, a 48inch circular furnace will 
put through achargeof about 40 or 50 tons in 24 hours, producing about 
18 tons of lead. 

The labor necessary to run such a furnace depends, to a certain 
extent, upon the natural advantages of its location. A charger and 
two wheelers are needed on the charging floor, and a boss and two 
roustabouts on the furnace floor. To these must be added the proper 
number for coke, ore and flux hauling to the furnace, and for carrying 
away the slag and matte and pig lead from the furnace. In a large plant, 
such as the Omaha and Grant works in Denver, where there are nine 
cupola furnaces all working on the same ore mixtures, the labor per 
furnace can be reduced to a smaller number than is possible where only 
one or two furnaces are in use. 

After the lead has been tapped from this furnace, it is refined. The 
purer leads of the Mississippi valley are simply submitted to a melting 
at low heat and poling, either by stirring with green wood or by means 
of a jet of steam passed through the kettle of molten lead. 

OOMPABISON OF THE THREE METHODS OF LEAD SMELTING. 

The three processes of smelting lead ores, the reverberatory, 
hearth and cupola, have each their defects and their advantages. The 
early methods, such as practiced with the log and ash furnace, are not 
adapted even to the pioneer work of today ; the labor and expense 
that they entail would hardly allow of their use, even under the most 
primitive conditions. 

The reverberatory and hearth methods require very pure ores. 
With ores carrying over 5 per cent of silica, it is impossible to use 
them economically. On pure ores, these methods give very fair results 
when care is taken in the smelting. The yield amounts to 80 or 90 
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per cent of the lead in the ore. The hearth requires rather parer 
ores than the reverberatory, aod the capacity is nearly three times as 
great. It also has the advantage of being readily started and stopped 
withont much expense. The jield of this furnace is sometimes given 
as about 8(1 lo 90 per cent of the lead in the ore. That the furnace 
will yield a large percentage with careful working is readily admitted, 
and with pure ores, the amount of slag, though rich, is very small ; bnt 
there is a loss through the slag and also by volatilization that probably 
amounts, with best practice, to at least 10 per cent, and more often to 
15 or 20 per cent. 

The cupola furnace is adapted to ores that are less rich, and also 
those that contain impnrilies which would cause severe losses if treated 
by any other process. Also, when there is a large amount of ore to 
be treated, the cupola process is more economical. Despite its com- 
plexity, proportionally fewer skilled laborers ^re required, the various 
stages of the process allowing of a division of the labor whereby a 
smaller number of skilled men is required per ton of metal than in any 
other process. Further, less fuel per ton of product is required. A 
better quality of fuel is necessary, however, and, in some localities, the 
extra expense on this account would be an o&'aet to the other advan- 
tages. The losses in the cupola process are set at about 8 per cent by 
western silver-lead smelters in buyingores, They ought not be greater 
than 10 per cent with careful management. 



DBSILVBBIZ&TION OF ItASE BDLLION. 

The lead produced in smelting argentiferous ores is designated 
base bullion. The furnace is generally run so as to produce a base 
bullion, carrying about 150 ounces of silver and np to 10 ounces of 
gold per ton. It was formerly the custom to cupel all of the lead pro- 
duced: that is, to melt it on a hearth with a ttlast playing on the sur- 
face in such a way as to oxidize the lead, and thus obtain the silver 
and gold which would not oxidize. The losses and expense of this i 
treatment were sogre^t that it has been abandoned, except in very rare ' 
cases. I 

The PattinKon Process In 1833, the Pattinson process was intro- 
duced. This depended upon the fact that an alloy of lead and silver ' 
melts at a lower temperature than does pure lead. The lead-silver I 
alloy was first purified by melting in » softening furnace, the impurities , 
which rose to the surface being skimmed off. Ii was then transferred 
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in a molten condition to the central one of a row of kettles, the tem- 
perature bein^ kept low so that a partial solidification ensued. This 
lead which first solidified was removed from the central kettle, and as 
it still contained some silver, it was transferred to another kettle on 
the right. The remaining alloy, being correspondingly enriched, was 
transferred to the kettle on the left. This procedure was continued 
until one end of the row was reached by the completely desilverized 
lead, and the other end by the rich lead-silver alloy. The enrichment 
possible in this process is not very great, and the amount of the alloy 
to be cupelled large. 

The market or refined lead carried from J or 1^ ounces of silver to 
the ton, and the rich lead ran as high as 500 ounces.. This process is no 
longer practiced in this country, and in Europe it is not in such general 
use as it once was. * A modification introduced by Luce and Rozan, 
who stirred by steam, and drew the liquid lead off, leaving the crystals 
of the poorer alloy in the kettle, is described by Hoffman [ 108, p. 301 ]. 

The Parlces Process, — This is based on the fact that silver and erold 
form, with zinc, an alloy of less density and less fusibility than lead. 
Thus, on the introduction of 1 to 2 per cent of zinc, the precious metals 
form a bard crust which floats on the surface of molten lead. This 
alloy contains more or less lead, and, also, any copper that may be in 
the base bullion ; for this reason it is necessary to purify the lead be- 
forehand to a greater extent than is required in the Pattinson process. 
To effect the purification, the base bullion is first melted down in a fur- 
nace of the reverberatory type, which is in reality a liqnation furnace. 
A low temperature is maintained, and the lead is frequently poled. Air 
is freely supplied, and the impurities that gather on the surface are 
skimmed off. Aboat 33 to 35 tons of lead are melted down, and from 
this, 30 tons of purified bullion goes to the desilverizing kettle. This 
kettle is hemispherical in shape, 3 to 3^ ft. in diameter, and made of 
cast iron. The lead is kept liquid in the kettle by a low fire. If it con- 
tain gold, a small amount of zinc, varying from 50 to 200 lbs. per ton of 
lead, is added, according to the amount of gold. This is called the 
^^dore" zinc, and the crusts that rise contain most of the gold. After 
this, the silver zinc or the *^ big zinc" is added in amounts of from 400 to 
600 lbs. per ton of base bullion. The crusts then formed are taken off, 
more zinc is added in smaller amounts, and the crusts removed, suc- 
cessively, until the lead is completely desilverized. This generally 

•For faller detail see Percy [ 179, p, 121 ] ; and DOte by Ellis Clark, Jr. [iSO^p 458]. 
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tak^B four or five additions of zinc. The cruBts are then distilled io 
a retort, the ziac being caught and ciindensed in a receiver, and the rich 
Bilver-lead alloy that remaina is ready for ciipellation. 

A modiliuation of this process, by Roessler and Edelman, has bees 
id nse in Belgium for some years. Tliis differs from the older method 
in nsing zinc containing 0.5 per cent of ainminum in place of the pare 
metal. The effect of this addition is the complete deaiUeriziition of 
the base ballion with one addiliou of zinc. The resultant silver-bear- 
ing alloy is treated; either by dissolving it in hydrochloric acid or in 
dilute sulphuric acid, thus obtaining the silver as a slimy residue, the 
zinc going into solution. Or, it is treated by electrolysis, which givee 
a very satisfactory separation. This process is described more fully 
in the Mineral Industry for 1893, p. 443, from which the brief remarka 
given above are taken. 

Cupellation. — This rich bullion la now introduced into a cnpella- 
tion furnace and the lead oxidized, the silver and gold remainiog ia 
the metallic state. There are two methods of conducting the cupella- 
tiOQ. 

In the German process, a large fixed hearth is used, the roof being 
movable. The hearlh or "test" is 12 ft. square, and is composed of 
marl or limey clay, well tamped. Tlie metal is charged iu qnautities of 
about 25 tons. It is melted and the impurities skimmed oil of the top, 
after which the cupellation process goes on at a lower temperature, 
the oxide of lead or litharge Sowing off into a pot arranged to catch it. 
For about 15 honrs (he oxidation products are impure, from the amount 
of antimony, tin, copper and other foreign mutals which remained in 
the lead and have been concentrated here. After this, the litharge 
flowing off ia pure enough to be placed ou the market, and rnnoh of 
the German litharge is made in this way. Toward the end, the litharge 
becomes so rich in silver as to necessitate its being saved for retreat- 
meut. After aboat 80 hours from *he beginning of the process, the 
silver brigbteus or " blicks." It then contains about 94 per cent of 
silver and is removed, and its refining completed on another beartli 
where a blast is used. 

The other process of cupellation, the Eaglish, uses a smaller fur- 
nace, and a hearth or test that is movable and quicker of operation. 
The furnace is of the reverberatory type, bat the test is of elliptical | 
shape, about ■} ft. iu length and 2 ft. in width. It is a cast-iron frame 
with flat pieces across the bottom, somelhiug like a gridiron. It is 
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filled with marl or a mixtare of limestoDe and clay, tamped to a depth 
of aboat 6 ins. It rests on a platform on wheels, which is pnshed 
into place in the farnace, so that a test may be removed and a new one 
inserted at any time. In some of the later designs, a water-jacketed 
litharge top is added to prevent the corrosion of the filling. After the 
lead is melted, the dross and litharge flow off into a pot. A slight 
blast is nsed. The ballion is generally carried to abont 60 toi 70 per 
cent, when]it is ladled oat and fiaished in another farnace, a new charge 
being added at once to the first. The silver is refined in the second 
farnace to aboat 997 or higher, the limits being 995 and 999J. Ac- 
cording to Hoffman, 1000 lbs. of 70 per cent ballion can be capelled 
in about 5 hours by the labor of one man and the consumption of 1500 
lbs. of nut coal. The losses are about 5 per cent. The English method 
is now adopted in this country almost exclusively. While it makes 
richer litharge, this is due in part to the fact that the bullion used is 
generally so rich as to render the production of rich litharge a neces- 
sity. The ease with which the operation may be conducted, the longer 
life of the test, as well as th« saving in labor and fuel, makes it the 
more economical of the two processes. 

THE MANUFACTURE AND USES OF LEAD PRODUCTS. 

The uses to which lead is put are so numerous, that a full descrip- 
tion of them cannot be attempted here. We shall, therefore, consider 
only the more important, and give a short description of the methods 
of manufacture. 

By far the most important use of lead is in white lead. Nearly 
one half of the metal consumed in thiscountry annually is transformed 
into this pigment. Lead is also extensively used in the manufacture 
of pipe for water supply and other purposes. The fact that lead is 
extremely ductile and will allow of considerable expansion on the 
freezing of water in such pipes, without rupture, renders the metal 
very useful for these purposes In the form of sheet lead, it is used 
for linings when necessary to exclude moisture, and for the linings of 
sulphuric acid chambers. For all ordinary forms of shot for sporting 
purposes it is extensively used, although for military purposes iron and 
steel are being introduced. Lead forms a series of interesting and 
important alloys, among which may be mentioned type metal, babbit 
metal, white metal, organ pipe composition, and the fusible alloys used 
in electric lighting. It enters into the manufacture of flint glass, cut 
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glass, cathedral glass and Hrtificial gems. Lead ia the basis of several 
other pigments besides white lead, notably, chrome yellow, Turner's 
yellow, red lead, orange chrome. In pharmacy, the acetate, carbonate, 
iodide, nitrate and oxide are nsed, and id varione appltcatioue in indas- 
trial cbemialry its componnds are of much importance. 

While Lead. — White lead ia generally nnderstood to mean a com- 
poand of lead carbonate and hydroxide, containing two parts of the 
carbooale to one part of the bydroside. Ap. the term ia used in this 
country, it also implies the manufacture by snch a process that the pro- 
dact is absolutely amorphona and not (crystalline. 

White lead was known to the Bomins, and was manuractared by 
them essentially in the same way that it ia made today— the Dutch 
process. Indeed, it is believed that the process was introduced into 
Holland from Ituly, where, during the Middle ages, ila manu fact nre had 
been carried on qnite extensively. The process, which has held its 
own so successfully to the present day, consists in exposing the lead 
to the vapors of acetic acid and carbon oxide. The lead, having a 
great afBnity for oxygen, is rinickly attacked and a film of oxide forma. 
Part of this is changed, by the action of the acetic acid vapors, into 
both the normal and the basic acetate of lead. The latter salt is 
changed to carbonate by the carboo dioxide present ; while the normal 
acetate, combining with the oxide, forms a basic acetate, which ia in 
time changed to carbonate, aa above. These reactions continue so 
long aa there ia any lead remaining, the action becoming slower as the 
componuds formed cover the aarface of the lead to a greater depth . 
[ 177, p. 20J,\. 

The operation is actually conducted aa follows : The lead, which 
is generally desilverized and retined lead, \a cast into thin sheeia, 
either rectangular or circnlar, about 8 inches in diameter. These sheets 
have numerous holes of about one inch in diameter, to allow free 
passage of the gases. From sis lo ten of these sheets are placed in 
and over earthenware pots, not unlike tlower-pots in shape, aave 
that they have a small chamber at the base for holding the acetic acid, i 
This acid, diluted, is poured in and the pots set closely together in a 
bed of spent tan-liark. The bed is abont 40 ft. by 20 ft. in superficial 
area, and after a layer of pols is placed, it is packed loosely with the 
tan-bark. A loose floor of planks ia next laid over these pol^, and 
Ihia is followed by another layer of pots and lan-bark, and so on 
until a heap about 20 ft. high hi^a been made. A chimney of ])lnnk of 
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five flaes, each aboat 6 ins. in diameter, is erected in the ceuter of each 
half of the bed, to control the temperatare, and the lead is left to cor- 
rode. The tan-bark, decomposing, furnishes the heat and the carbon 
dioxide. The temperatare rises to 180° F. in the bed, and the corro- 
sion is allowed to go on for abont three months. After this the bed is 
opened and the sheets are taken to the separator, where the white lead 
and the nncorroded metallic lead are parted. A corrosion of 90 per 
cent is considered very good work, although the average will be nearer 
75 to 80 per cent. Afcer separating, the white lead is ground with water 
between blue stones, and then floated, to divide the finer grades from 
the coarser. It is then drained, dried in open pans by exhaust steam, 
and finally ground in oil. 

Many different processes and modifications of processes have been 
devised, with the idea of shortening the time necessary to complete 
the manufacture of this substance. The direct production of carbonic 
acid, the use of other sources of heat, the dissolving of litharge in 
acetic acid and the subsequent passage of carbon dioxide through the 
solution, may be mentioned as some of the main features of these 
devices. The product thus obtained is not, generally speaking, equal 
in opacity and covering power to that produced by the Dutch process. 
Where the time consumed is short, there is a great tendency in the 
product to become crystalline, and consequently less opaque. White 
lead of commerce is frequently adulterated with barite or heavy spar, 
white clay, zinc oxide and chalk. 

The Picher Lead Co., of Joplin, Mo., manufacture a sublimed white 
lead, as described on page 2^07. This differs in composition from the 
product of the Dutch process, but is used for similar purposes. 

Litharge. — The monoxide of lead, PbO, is usually produced by 
submitting molten metallic lead to a gentle oxidizing action in a rever- 
beratory furnace. In Germany, a considerable quantity is obtained 
from the cupellation of rich, lead-silver bullion. It is used in the 
manufacture of glass to some extent, although the red oxide has been 
substituted somewhat in later years. 

Red Lead. — This substance is a compound of the monoxide and the 
dioxide of lead, and has the formula 2 PbO, Pb02. The coarser grades 
are made by gently heating litharge in a reverberatory furnace into which 
but a limited amount of air is allowed to enter. For making the finer 
grades, which are used as artistic pigments, white lead is used in place 
of litharge, and is oxidized gently in a furnace or revolving retort. 
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Chrome yellow and orange chrome are compoands of lead and obro- 
miam. The former, neatral lead cLromate, is made by adding to a 
aolntiOD of lead acetate a aoliition of itotsssium di-cliromate, when a 
copioaB precipitate of lead chromate is thrown down. It ia also made 
b; digesting artiflcially prepared lead salpfaate in a warm solaliou of 
neutral potaeeinm cbromate. The orange- chrome la a basic lead cbro- 
mate, and is made by boiling the normal obromate with caustic potasb, 
the reanlt being that one-half of the chromic acid is abstracted from 
the lead cbromates. Mixtures of these two compounds give varioas 
shades of orange. The lead chromate is frequently mixed with lead 
sulphate, barite or gypsam, to give lighter tints of yellow. 

Pipe. — Lead has been used in the form of pipe for water supply 
and for sanitary purposes for many centuries. The old Roman baths, 
at Ptombiers, iu France, show the remains of lead pipe used to convey 
the waters for bathing purposes. Piping was foruierly made entirely 
by casting, but for many years the method known as '^ squirting" has 
taken the place of caetiug. The molten metal is poured into au iron 
cylinder, which has in one end a piston, working by hydraulic pressure. 
In the other end is a hole, whose diameter is the external size of the 
pipe to be made, and within this is a die, whose diameter is the internal 
diameter of the pipe. The lead is kept at a temperature just above 
the point of solidification, and the pressure of the hydraulic pistoa 
forces the pipe out of the annular space in finished shape. 

Sheet Lead. — Owing to its ductility and impermeability to mois* 
tare, lead is frequently used iu the form of thin sheets for lining vari- 
ons receptacles. It is made from sheets cast into couvenient sizes 
and from. 3 to 6 inches thick. These are passed under heavy rolls until 
the required dimensions are reached. 

Shot This article of mannfactuie is one of considerable import- 
ance in this couulry, although in Europe, iron and steel have replaced 
it to a noteworthy extent for military purposes. Shot is made by drop- 
ping molten lead from a considerable height through a sieve into a 
vessel of water. A small amount of arsenic, about one per cent, is 
added to the lead to give it Dnidity, and to canse it to take a spherical 
shape when dropped. It also makes it harder when cold. The shot is 
rolled down an inclined plane to separate the imperfectly formad indi- 
viduals, and is then sized by passing through screens. It is next 
polished by revolving in cylinders with plumbago, and is then ready 
for the market. 
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Alloys. — A considerable quantity of lead is made every year, known 
as antimonial lead. This comes from the drosses obtained in refining 
bullion, and contains from 15 to 20 per cent of antimony. The greater 
part of this is ased in the manufacture of anti-friction metal and type. 
Nearly 6000 tons of antimonial lead were produced in the United States 
in 1892. This requires a considerable addition of pure lead to make 
the proper composition for type metal, which is composed of 34 parts 
of lead and one part of antimony. The presence of antimony makes 
the alloy expand at the moment of solidification, thus giving a clean 
cut casting. It also makes the type harder and more durable. Such 
an alloy is so hard as to bear considerable pressure without great wear, 
and still is not so hard as to cut the paper. It fuses at alow tempera- 
ture and does not oxidize readily. 

Babbit metal and the other cheaper anti-friction alloys' are com- 
posed of lead and antimony in varying proportions. They furnish a 
material which is cheap and answers the purposes reasonably well. 
Organ pipe metal is composed of equal parts of zinc and lead. An 
alloy of 80 parts tin and 20 parts lead is used for ornamental castings. 

Lead has been used frequently in alloys for cooking utensils. This 
is dangerous, unless great precautions are taken. A small amount of 
antimony present in the lead renders it very susceptible to oxidation 
in the presence of water. An alloy of tin and lead containing 16 to 18 
per cent of the latter is, according to Thurston, not sensibly attacked 
by vinegar or the acids of fruits, but with a larger proportion, the 
results are liable to be injurious. 
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THE METALLURGY OF ZINC. 

The methods of extracting metallic zinc from its ores are in a very 
backward state, when compared with those of lead and other useful 
metals. Much labor and thought have been expended in the hope of 
discovering a new process for the direct and continuous production of 
zinc, but so far without success. 

History. — Zinc was not known to the ancients in its metallic form. 
They knew the carbonate — calamine as it was formerly called — and 
were accustomed to reduce it in crucibles, with copper and charcoal, 
to produce brass. This method of making brass was in use well into 
the Nineteenth century. The first works for the industrial production 
of zinc were established in Bristol, by John Champion, in 1740. In 
1798, the principles on which is based the modern Silesian zinc process, 
were discovered in that country, and the industry started, slowly 
at first, but more rapidly after the beginning of the present century, 
when knowledge of the details of the English methods of manufacture 
was brought to Upper Silesia [195^ vol. it, p. 6S0 J. In the meantime, 
Abbe Dony, in Belgium, accidentally discovered the method of distilling 
metal from the ore. His discovery was, apparently, entirely independ- 
ant of that made in Silesia some years before. He endeavored to put 
his ideas into practice, but failed for want of financial support. After 
the death of Dony, Dominique Mosselman took up the work and devoted 
himself to the manufacture of the metal, and to increasing the demand 
and finding a market for it. This was the beginning of the great Bel- 
gium zinc industry. Thus, the Silesian zinc industry, and that of Bel- 
gium, were begun within a few years of each other, and gradually grew 
to the extensive and important operations of the present day. Mr. W. 
R. Ingalls [ /rvj, vol. ii^ p. C-i^^] notes that the development of the Sile- 
sian zinc industry, early in the Nineteenth century, was due to the intro- 
duction of a knowledge of the English method of smelting, and calls 
attention to the singularity of the fact that this knowledge should have 
been brought to Silesia, on the border of Poland, while in Belgium, 
separated from England only by a narrow strip of water, no trace of a 
knowledge of these methods obtained. The two processes, thus origi- 
nating nearly side by side, continued to develop along dififerent lines, 
until quite recently, when various modifications were gradually intro- 
duced, which drew them nearer together. 
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Chemistry of the Processes. — The ores of zinc that can be suc- 
cessfully treated for the production of the metal are : the sulphide or 
blende, the carbonate or smithsonite, and the hydrous and anhydrous 
silicates, calamine and willemite. The oxide, zincite, might be used, but 
it is generally found associated with iron, and is too impure ; it is used 
mainly for the manufacture of zinc white. 

All processes for the extraction of the metals from the ores in- 
volve the converting of these ores first into the oxide, with the excep- 
tion of the silicates, calamine and willemite. These ores are simply 
calcined to drive oflP the water which may be present, in chemical com- 
bination in the case of calamine, and mechanically entrained in the 
case of willemite. The carbonates, smithsonite and hydrozincite, are 
also calcined to driAC off the carbon dioxide and water. 

The sulphide or blende (sphalerite) requires a more prolonged 
treatment. It is heated in a finely divided state, in an oxidizing atmos- 
phere, until the sulphur is driven off and the zinc is oxidized. 

During the process, the temperature gradually increases as the 
charge is moved toward the fire, until, near the end of the process^ 
the ore is at a bright red heat. It is then necessary to further raise 
the temperature, that any zinc sulphate formed in the cooler parts of 
the furnace may be broken up and the zinc remain, so far as possible, 
as the simple oxide. At the same time, the temperature must not be 
raised too rapidly, or there will be an excessive loss of zinc by volatili- 
zation. The ore having been converted into oxide, it is now ready for 
reduction to the metal. 

Zinc oxide and silicate,'in the presence of carbon or carbon mon- 
oxide, are reduced to metallic form only at an incipient white heat 
( about 1300° ). At this temperature the zinc is in the form of a vapor, 
which does not become liquid until the heat is lowered to incipient 
redness ( 1200° ) ; therefore, the only means of obtaining the metal is 
by the process of distillation. The ore, crushed fine and mixed with 
the proper amount of carbon, is heated in a clay retort to an incipient 
white heat. From this, the zinc vapor [passes into a conical clay con- 
denser,' whence, in a liquid state, it is tapped off and poured into moulds. 

The process outlined above is followed essentially by all producers 
of zinc at the present day. 

Mr. W. R. Ingalls, in the Mineral Industry for 1893, p. 667, says : 

'* It is UD certain whether the redaction of zinc is effected by carbon or carbon 
monoxide. The preponderance of evidence, however, seems to be in favor of the 
former. It has been shown that nearly pure carbon monoxide escapes from the 
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oondenBeri. which cun be explsined IT the carbon form§ only caTbon monoslde 
(ZnO+C=Zn+CO ), or If It formi carbon dloilde ( 2ZnO+C=2Zn+CO, ), which la 
Bubsuquently reduced again (COj+O— aUO). The latter procesB requires 73,000 heat 
UDitB, while the former only takeB 56,000. and \e therefore more probable* A se- 
ries of experiments to determlDB thle were made at the Wllhelmintbutte ( Upper 
Silesia ). with very Instructive results. Jn these, the ore Co be reduced and the 
reducing agent were charged Into a mullle in different layers, separated by pieces 
of lime. The zinc oilde and carbon were not therefore lo contact. The yield of 
zinc obtained from these muinies was so amall that all could be attributed to the 
reducing action of carburetted hydrogen In the oarhonaceous material. 

■' CODcernlng these experiments, Herr Bergratb BernhardI, director of the 
Wilheimlnehutte, wrote as follows : 

" On the other hand, the remaining possibility that it Is chiefly the solid car- 
bon which reduces the zinc oxide Is Itself a great riddle. !jome bodies can act 
cbemically one on an other only by direct contact, and It is inconceivable that the 
zlDc-reduction process can be carried out In themuflle In this manner so completely 
as it is really done. We cannot imagine faow every atom of zinc oxide In a piece of 
zinc ore can come In contact with an atom of solid carbon. Whether the active 
moleoular movement of the glowing fragments of ore and caibon play a part Id 
this, or whether at ihe temperature prevailing In the muIHe there is formed a 
lower oxide of carbon (a compound of carbon and carbon monoilde), must remain 
nndetermlned. It has been proved by many experiments, and the results of actaaJ 
practice, that as Intimate mixture of ore and carbon as possible Is desirable ; if 
the ore Is toocoarae, or the charge is not well mixed, the yieldof zinc falls off. The 
ore and reducing material must not be too Sae, however, else the charge in the 
muffle will be too dense, and the gases developed will not have the necessary free- 
dom of escape." 

The losses incident to the process may be suminarizod ae follows : 

1. Losses during Boasting. — Tlie maiD loss in roasting appears to 
be mechanical. This may be effected directly by dusting, and also by 
the rednclion of some of the zinc sulphide to metal in the coDditioa 
of vapor, which is immediately oxidized into a tloccaleut powder and 
lost. It is possible that some portion of the zinc sulphide is volatil- 
ized unchanged (see Percy, Metall. of Zinc, and Sabatier, Encyclop. 
Chemique Art. Zinc), but this is denied by many zinc smelters in this 
conntry. The losses in roasting have been placed at about 3 per cent 
by some managers of workH, although in a direct experiment made by 
Ihe writer some seven years ago on weighed charges of raw and roasted 
ore, the actual loss in zinc contents was between 9 and 10 per cent. 

2. Iitconipltte Roasting of the Ore. — In general, this means the 
formation of sulphate of zinc toward the end of the process. The 
BQiphale is readily reduced to snlpbide in the retorts, in the presence 
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of incandescent carbon ; but, as zinc sulphide is anchanged by heating 
with carbon, it is evident that each molecnle of sulphur will hold back 
a molecule of zinc from reduction. Now, as zinc sulphide is comr 
posed of 67 per cent zinc and 33 per cent sulphur, each pound of sul- 
phur left in the roasted ore means the loss of two pounds of zinc in 
the residue. Thus, one per cent of sulphur in the roasted ore will 
cause a loss of 100 pounds of zinc in one smelting furnace charge of 
^000 lbs. Sulphur in the coal in the retorts operates, of course, in the 
same way. 

3. Oxidation of Zino Vapors, — The oxide of zinc is reduced by 
contact with carbon, or carbon monoxide, at a high temperature, zinc, 
carbon monoxide and some carbon dioxide being formed. This latter 
compound, while usually very stable, is reduced by zinc, both liquid 
and vapor, when below the temperature at which zinc oxide is reduced 
by carbon monoxide. Thus, when the zinc vapor is formed and passes 
into the condensers, any carbon dioxide present will oxidize part of the 
zinc. Zinc in this vaporous state is also very partial to the oxygen of 
the air, as may be seen by the burning of the vapors at the mouths of 
the condensers, in zinc works. A portion of the zinc vapor, which 
cools rapidly in the condensers, is deposited as finely-divided metal; 
other portions brought into contact with carbon dioxide give rise to the 
formation of the carbonate. Thus, a considerable quantity of finely- 
divided zinc, carbonate and oxide is formed, which must be retreated. 

4. Other Minor Sources of Loss. — More or less of the zinc oxide 
escapes reduction from the formation of fusible compounds in the retort, 
due to the impurities of the coal, the gangue of the ore, etc. The sil- 
icate of zinc is not thoroughly reduced by the means employed. The 
retorts also, when new, absorb a considerable quantity of zinc, amount- 
ing to as much as 20 per cent in some works. 

The losses from various sources other than that of volatilization 
in roasting amounts to about 10 per cent. Ingalls states that the total 
loss in distillation varies from 10 to 25 per cent, and that in Belgium and 
Rhenish Prussia a loss of 10 per cent represents the best average work. 
Thus, the total losses are rarely under 20 per cent, and more frequently 
26 to 30 per cent. 

THE ENGLISH PBOOESS. 

This process was in practice in Bristol, England, during the latter 
half of the last century, and continued until after the middle of this 
century. It consisted of a furnace, in which are placed large clay cru- 
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cibles, filled with a mixture of powdered ore and coal. A tnbe leading 
thron((h the bottom of the i;rncibles carried the zinc vapori* aa fast as 
distilled into a condenser below. This process is qaite slow, and the 
yield ifl small, unless the tim*? be undnly prolonged. The consumplibn 
of coal is high, being about 20 tons of coal to one ton of metal pro- 
duced. Only calamine and smitbsonite were used in this furnace, hence 
only preliminary calcining was necessary in preparing the ore. The 
prooesa has not been used for many years. Dr. Percy speaks of having 
seen it in operation as late as 1859. 

THE BELGIAN PEOCESB. 

The Belgian process was first succeesfnlly put into operation by 
Mossellman in 1S18. Since that time, improvements have been made 
in details of the process, but no change in the principles. The ration- 
ale of the process has already been outlined in the description of the 
chemistry. As this method is one very largely iu use in Europe, and 
the one exclusively practiced in this country for the mannfactnre of 
metallic zinc, we shall consider it somewhat in detail. 

Preparation of the ares — The calamine and smithsonite are cal- 
cined in furnaces very similar to lime-kilns; when drawn, the ores are 
crushed by a jaw crusher and rolls, and screened to abont jV of an 
inch. 

The blende, after having been dried, is also crushed and screened 
to approximately the same size — more care, however, being taken to 
secnre a finely divided product, because of the roasting to follofr. 




hoastiny.^iu tniB L'ouinry, itie iirt'viiiiiuj,' piHcniH' h rew years ago 
was to roast the ore iu long reverberatory furnaces, of two hearths, 
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one above the other. A farnace of this character, shown in ii^are 10, 
was aboat 65 ft. in length and 12 ft. in width, having about 1000 ft. of 
hearth area. The ore was introduced at the end farthest from the fire, 
in charges of about 5000 lbs., and moved toward the fire-place, emerg- 
ing in from 12 to 32 hours. More recently, in some establishments, 
furnaces have been erected with from three to seven hearths, one built 
over the other, and correspondingly shorter. In these furnaces, the 
amount of coal used is variable, but is very nearly equal in weight to 
the ore. In one plant, where the roasting was done in both styles of 
furnace, the two-high hearth furnace roasted 5000 lbs. of ore in 24 
hours with 5200 lbs. of coal, and the four-high hearth furnace roasted 
6200 lbs. with the same amount of coal. In Europe, the laws require 
the fumes from the roasting furnace to be so treated that they will not 
be harmful nor objectionable in odor when they emerge. This has 
stimulated the utilizing of the vapors for the manufacture of sulphurous 
and sulphuric acids, and for many years no furnaces have been built 
there which have not had this idea in view. The distinguishing feature 
of these furnaces is the provision of separate flues for the gases 
from the fire and for the fumes from the ore, so that the latter are not 
unnecessarily diluted. Several patterns of furnaces are in use today. 
The principal are the Hasenclever, the Eichorn-Leibig, and the new 
Hasenclever. A short description of these is given in the Mineral 
Industry for 1893 [ lO't^vol. ii, p. 647], and other references are quoted 
there. 

In this country, only one company, Matthiessen and Hegeler, of 
LaSalle, has designed its furnaces with a view to utili^ng the sulphur 
vapors. This company uses furnaces with seven hearths, which are 
heated by gas, furnished by ordinary gas producers. The gas travels 
through flues alternating with the ore hearths. The air, which is ad- 
mitted to furnish oxygen, is first heated. The ore is moved from hearth 
to hearth by mechanical rakes, somewhat on the principle of the 
Spence furnace. In operation the furnace is said to be entirely satis- 
factory. 

The Oollinsville Zinc company, of Collinsville, 111., and the Glen- 
dale Zinc company, of St. Louis, have recently introduced a mechani- 
cal furnace for roasting blende, which is apparently very successful, 
although it is not intended to save the sulphurous gases. This is 
known as the Brown Horse-shoe furnace, and consists of a hearth 
built in the shape of a segment of a circle. The outside diameter is 
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about 55 ft. ; the ore beartb has a width of S ft. aod a euperficial area 
of about 1200 sq. ft. Tbe ore is fed into the furnace at one end, tbrougb 
an automatic hopper, which feeds a fixed amount whenever the meubao- 
ical Btirrer, called a buggy, passes beneath it and disengages the vaire 
closing tbe hopper. This buggy is a long frame of channel iron stretch- 
ing across the fnrnace; it is provided with teeth which rake the ore, 
and which consist of rectangular plates of mild steel; wheels at each 
end rest on tracks that run around the whole furnace; the wheels are 
furnished with ball-bearings to reduce the friction ; the driving appa- 
ratus is simply a wire cable, ruuniug aronud the furnace on tbe inside 
in a gutter of vilrified brick. The buggy has a grip similar to that of 
a cable car, which is thrown in and out of gear automatically. There 
are four buggies, two of which rest in the space not covered, and are 
cooled by the blast from a small fan, while the other two are rakiug 
the ore. It takes two minules for one buggy to make the trip. The 
heat Is furnished by four flre boxes provided with step grutes. These 
are distributed around the periphery of the circular hearth. The fur- 
nace is reported to roast 12 to 16 tons of blende in 2i hours. The 
roasting is uuiform, and tbe product carries less than one per cent of 
■ sulphur. If requires tbe work of two men, and three tons of coal are 
consumed in that time. 

Tbe losses by volatilization vary with the furnace and the care 
used ill operating. Tliey are liable to reach 10 to 15 per ceni. The 
BrowD fnrnace is said to cause less loss by Tolalilization than the old 
style furnace. 

Tbe sulphnr contents of the ore after roasting should be about 
1.6 per cent. Careful work may reduce this, and with careless work 
tbe percentage may reach a much larger Bgnre. 

Reduction. — Tbe form of furnace used for reduction of tbe oxide of 
metallic zinc varies considerably, depending somewhat on tbe method 
of tiring. In furnaces flred by producer gas, tbe rows of retorls 
are generally longer, and only three or four high, while in directly fired 
furnaces, such as tbe majority of those in this country, the rows are 
shorter and seven or eight high. The number of retorts is quite vari- 
able, being 93 in some of tbe older furnaces, to 128 in later forms of 
the direct-firing furnaces. It is customary now to build two furnaces, 
back to back, with but one wall between them, to economize both 
in first cost and management. Figure 11 is one of the later forma of 
direct-firing furnaces. 
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The fire-place is 22 feet in length and IS iuGhes in width. The bed 
of coals is 5 feet deep, the object being to produce a heavy flow of gag, 
and thne to carry the heat to the upper retortB. The retorts rest on 
sbeiveB bnilt ou the back wall, and on the iron frame-work which 
forma the front of the furnace. Two retorie occupy each of the 
square holes, and are luted ia place with fireclay. The retorts have 
a forward incliuatiou of about 3 inches in their length of 4 feet. The 
condensers are luted in place, and are usually supported at the end by 
a fragment of brick. 

The furnaces in this country are seldom fired by producer gas, the 
managers claiming that they can do cheaper work by direct flriug 
with the cheap slack farntshed by the mines. At points, however, 
where better grades of coal have to be crashed for direct firing, the 
expense is greater, and producer firing is more economical. Regen- 
erative systems are nsed considerably in Silesia, but in the Belgium 
works they are being gradually abandoned in favor of the direct pro- 
ducer firing, as the hydrocarbons from the coal, as well as the fine 
vapors from broken retorts, condense in the checker-works and cause 
serions trouble. 

The roasted ore is charged to the furnace mixed with about 40 per 
cent of its weight of crushed coal, or of a mixture of coal and coke. 
The coal should be carefully selected with a view to low sulphur and 
ash. The mixture is then charged by means of small shovels into the 
retorts. The amount charged will vary, of course, with the size of the 
retort, but, with the ordinary retort used in this country (4 fl. long and 
Sins. internal diameter), a furnace with 112 retorts will take about 4600 
pounds of ore. and one with I2S retorts usually takes about 6300 to 
5500 pounds. Allowance must be made for the charging of the blue 
powder, which will be referred to later, and which occupies nearly one- 
fourth of the retorts. The ore is charged once in 24 hours— the flre 
being allowed to die down first before charging, in order that the reduc- 
tion may not proceed too rapidly at first. When the retorts are filled, 
the condensers are luted on. These condensers are conical vessels 
made of tire-clay, about 12 ios. long and 6 ins. in diameter at the larger, 
and 2 ins. at the smaller extremity. In the lower rows, where the heat 
is greatest, sheet-iron extensions of the condensers, called "prolongs," 
are added, so as to insure the condensation of the zinc. These "pro- 
longs" are !.'> ins. long and fit over the condenser, aud are closed at 
the other end. The metal is tapped three times in 24 hours. After 
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the last tappiDg, which occars at aboat 6 o'clock in the morniDg, the 
retorts are cleaned and prepared for a new charge. The amoant of 
fael need varies somewhat, bat aboat 6 to 8 tons per farnace of 112 
retorts in 24 hoars is a fair average. 

The losses incident to the redaction process have been mentioned 
before. Those which arise from impurities of the ore and coal are va- 
riable, and usaally can be partially controlled by proper roasting and 
selection, and careful choice of charging coal. The main losses, and 
those not so easily remedied, are due to the reoxidation of the zinc 
after the reduction from oxide. Some of the zinc may be seen burn- 
ing at the mouths of the condensers. Considerable zinc is converted 
into blue powder. This consists mainly of finely-divided metallic zinc« 
each particle of which is coated with a film of oxide. It is formed, in 
all probability, by the sudden condensation of the zinc vapors at a 
temperature much lower than is necessary for their condensation. The 
blue powder, of which the production amounts to about 5 or 10 per 
cent of the metal made, cannot be melted down and poured, owing to 
the oxidation which takes place so readily in this fine state of subdi- 
vision. It is, however, readily reduced to metal in the retorts at a 
lower temperature than is generally necessary for the ore. It is conse- 
quently recharged into the upper row of retorts with a little ore, and 
redistilled. This, of course, reduces the capacity of the furnace, but 
it should be recollected that above the fifth row of retorts the heat is 
not sufficient to reduce ordinary ores, and an easily-reducible mixture 
must be charged. 

Miscellaneous. — All zinc works are obliged to manufacture their re- 
torts and condensers, and, incidentally, the special shapes used by 
them. 

The retorts are made of a good quality of fire-clay, tempered with 
about one third its weight of ^^chamotte,'' which is fragments of the 
old retorts pulverized. The clay and chamotte are crushed to A of 
an inch and less, and mixed in a pug mill with the proper amount of 
water. Retorts were formerly made by hand, but now are generally 
made by machine, somewhat on the principle of a sewer-pipe machine, 
which is quite uniform and rapid in its work. After the retorts are 
made, they require drjing in a heated room for some months before 
use, so that it is customary to keep a large supply on hand drying. 
When needed, they are selected from the stock and put in a small firing 
furnace of the bee-hive type, and burned for 12 hours, at the end of 
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which time they are taken on i and pat in .the smoliing farnace at a 
white heat. The condensers are made hy hand moulds at odd times. 
They are composed of one-third fire-clay and two-thirds chamotte. and 
less care is nef^ded in their mannfucture. About 2 retorts and lU con- 
densers are used daily to each 100 retort furnaces; liut. of course, the 
conenmptiou varies according to the skill of the workmen. 

A shghtly modified form of the Belgian furuace, known as the 
Welsh furnace, has been introduced in the Morristou works at Swansea, 
Wales. The furnace, as described [CVfl], is built like a Belgian 
furnace of the old type. There are six tiers of retorts, 14 in each 
tier. These retorts hare a section that is egg-shaped, for the sake 
of strength, and the two lowest rows have an air channel, illns- 
^^ ^^™^" ^wBWB^^^wi trated in ligure 12, that allows a 
III high temperature without breaking 

XS B^^^^^SI^S^SSS This permits the ameltiug of ores car- 
Fio. II. ov«i aaum^oBwi In Welsh Far- rying 10 pel Cent of silica and 22 per 
cent of iron, as well as of calamine carrying 23 per cent of lead, with- 
ont any important increase in breakage. The fire-places are lateral, 
five in nniuber, each 2 ft. by 0.55 ft. It is stated that the loss in zinc ia 
17.5 per cent, agaiust 2I.U8 per cent in a Belgian furnace using the same 
ores. The advantages claimed are, a more uniform heating, less labor, 
more complete redaction and a longer duration of plant. Such retorts 
as these have not been used in this country, though oval-shaped 
retorts of other patterns are. 



THE B1LB3IAN PBOOBRS. 

This process is similar in many respects to the Belgian. The ores 
are prepared in the same manner by calcining or roasting. The reduc- 
tion furnace is different, however. It is nearly square, and is built of 
fire-brick, with a grate in the center, which is fed through a tiredoor 
at one end of (he furnace. Above this, is a fire-brick floor, opeu over 
the grate, upon which the muffles are arranged in rows on each side of 
the furnace. The muflies are ii to .'i ft. in length, 6 inches wide aud 
m to 20 inches high. Unlike the Belgian retorts, they are supported 
along the entire base, which is made as narrow as possible, thus giv- 
ing the maximum exposure of surface to the tiame. This method of 
supporting the muffle allows a high beat to be used without sagging, 
and consequently a higher yield of zinc is oblaiued than by the Belgian 
process. This furnace is used only for the treatment of poor ores, 
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each as the silicate or carboaato of the Silesian proviDces, where ores 
with 18 or 20 per cent of zinc are treated with profit. In consump- 
tion of fuel and labor, this process is rather more expensive than the 
Belgian. A combination of the Silesian and Belgian types is some- 
times seen, in which there are two and sometimes three tiers of maffles. 
The greatest improvement of late ^ears is the adoption of a new 
type of condenser for these furnaces. Mr. Ingalls describes the dif- 
ferent forms at some length in the Mineral Industry [ 195^ vol. i?\ p. 661]. 
In these, the muffles set well inside of the furnace, and are provided 
with condensers of different patterns, which effect an almpst complete 
condensation of the zinc vapors. 

IMPROVEMENTS AND BY-PBODUOTS. 

Improvements. — The present methods of treating the ores are, as 
has been stated before, extremely crude and expensive. So far as the 
roasting is concerned, the introduction of mechanical furnaces and the 
utilization of the sulphur vapors promise to lessen the expense. The 
process of reduction, however, continues to present great obstacles to 
improvement. First, it is not a continuous process; each successive 
charging of the ore necessitates lowering of fires and cleaning of re- 
torts, thus causing a large consumption of fuel and labor. Further,, 
nearly 25 per cent of the metal in the ore is lost in the various parts 
of the operation. A quantity of finely divided metal, mixed with the 
oxide, is made at each operation. This cannot be melted, but must be 
redistilled, thus cutting down the capacities of the furnaces three- 
fourths. Much of the metal burns at the condenser mouth, and a 
large quantity is left in the retorts unreduced, and is thrown out when 
the retorts are cleaned. Added to these objections is the further one 
that, in the furnaces now used, ores containing any considerable ad- 
mixture of foreign metallic sulphide or oxide cannot be treated. Many 
ores are found, especially in the western parts of this country, which 
are composed principally of blende, with an admixture of iron and 
copper pyrite and some silver. These ores are too poor to smelt with 
lead for their silver contents, and some means is desired for treating 
them, so as to save the zinc and silver and, if possible, the copper. 

Many experiments have been made in the treatment of zinc ores 
in the blast furnaces, but none have so far given mucli promise of suc- 
cess. The difficulty has nearly always been in keeping the zinc reduced.. 
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Mr. Ghas. Kirchoff gives briefly, but forcibly, tbe followiDg facta which 
must be borne \a mind [ 133, p. 45ll : 

"Zinc meltB at 412° C,, and It volatlllzea atiaOO" C ; but zinc vapora, according 
to F. Thum, are formed already when the heal reaches 5'20° C. ^iDc oilde Is 
rednced, aa well by solid catbon as bj carbon monoxide, at a mtnlmuoi temperature 
or about 13(H1° C: that Is, above Ihe poiat orevaporlzitlon. facte which neoesaitale 
dlatlllaiioD. Below this temperalure tbe reduction of oxide of ziac, by carbonic 

oslde ceaaeB." "The greitesit difflsnity to be encountered, however, 

U the facllUy with which zinc, when once In the gaeeoua state, Is reoxidlzed by 
cirbanic add or water. (Jirbmtu add attacka ;elnc from the temperature of ita 
melting point— the violence of the action Increaalng with the temperature. Aa we 
have seen, oxifta of zinc le reduced at a lemporature of about 1300° C— metallic 
zinc and carbonic acid being formed. The gares. In order to be free from car- 
bonic acid, muat. therefore, either be paaaed through acolumn chargeof some thick- 
neas. which is not hot enough to generate zinc, or It mu^t pass through n. layer of 
carbon at a beat above the temperature of volatlll/atlon of /Inc. If these precau- 
tions are not taken, the carbonic fcid, formed by the reduction of theoilde ofxlnc, 
will cauae the formation of a deposit of oxide of zinc aa aoon as Ihe temperature 
of tbe gases einhs low enough to prevent the Immediate reduction of any oxide of 
zinc which may have been formed." 

It is tbas seea that the condensatiOD of the zinc vaporB JB the one 
great difflciilty to overcome. So far, no scheme has been brought for- 
ward which will eliiniaate carbon dioxide and air from the condenserei 
and, while these are present, we cannot expect to obtain a high yield 
of the metals free from oxide. The passage of the metallic vapore 
through incandescent carbon has been tried, bat so far has not proven 
a success. Some late esperimente on the direct reduction of zinc are 
noticed in recent issues of Berg- and Hnettenmanniscbe Zeilnug 
<Oct. l.^and 20. 1893). 

Acid Manufacture. — In many European plants, the gisea derived 
fVom the roasting of the blende are ntilized for the manufactnre of aul- 
phnroud and sniphuric acids. The process of manufacture of the for- 
mer in Upper Silesia was invented by Messrs. Hanisch and Schrttder, 
and is deserilied by Karl Kilers [ 7J | subslantially as follows: The 
blende roasted in mnllles gives ofF its g*ises, composed mainly of sul- 
phur dioxide, ata temperature of about 400° G. These gises are cooled 
to nearly a normal temperature, and pass into a tower tilled with broken 
coke or checker work, over which water trickles. Here, the sulphur 
dioxide is removed almost entirely, and the unobjectionable gases )>a88 
off. Tbe solution of sulphurous acid Ihns retained is then heated to 
100° 0., and agitated to remove the sulphur dioxide. The gas is ihen 
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collected and redaced by compressioa to liquid form, and pat in vessels 
for transportation and sale. 

Salphuric acid is made at numerous places in a similar manner to 
that employed when pyrites is the source of the sulphur. The gases 
from the roasting ore are passed into Olover towers and oxidized, and 
the solution is concentrated by evaporation to oil of vitriol, or purified 
by distillation in platinum-lined retorts. Only one establishment in 
this country manufactures sulphuric acid, namely, the Matthiessen and 
Hegeler Zinc Company of LaSalle, 111. 

THE MANUFAOTDBE AND USES OP ZINO PBODUOTS. 

The uses to which zinc is put are based upon its slight alteration 
in the air, and second, upon the possibilities of rolling it into thin sheets. 
These uses are manifold. Prof. W. H. Seamon has recently enumerated 
the uses of this metal so fully that his words are reproduced here, with 
some additional notes [ 80, p. 169 ] : 

''ZlDC is largely converted into Bheet-metal, particularly in Europe, in which 
form it is principally employed for roofing purposes, for sheathing vessels, tak- 
ing the place of copper and yellow metal. In thlclc plates it is used for the pre- 
servation of boilers. For this purpase a plate of rolled zinc is suspended by an 
iron rod in the boiler ; the galvanic current set up not only prevents incrustation, 
but saves the wear of the boiler at the expense of the zinc. About 180 pounds per 
annum is consumed for every 100 H. P. It is also suspended in the feed water- 
heater to clear the water, with satisfactory results. 

'^ Zinc nails are employed for the purposes of fastening the sheet-metal to 
sheathing, and for holding the slates of roofs in place. 

'' Rolled zinc can be chased, spun, punched or stamped into useful and orna- 
mental forms of great artistic beauty, and is employed for the construction of 
ornamental ceilings, mouldings and friezes. Rain-water cisterns, downfalls, 
water-cans, bath-tubs, wash-boards, soap-dishes, stair treads, coal-scuttles and 
other articles of utilitarian character in household economy are made from the 
metal. The metal toys made abroad are usually composed of sheet zinc, (tit 
also used in making the hard foundations for cloth and linen buttons. 8beet zinc 
and zinc foil are used in lining packing cates and wrapping goods to preserve them 
from dampness or water. 8heet zinc, specially prepared, is used in the art of 
zincography, which is so much cheaper and more rapid than that of lithography. 
In glazing paper large sheets of heavy zinc are used. Perforated sheet zinc is 
used for blinds, flower baskets, meat-safes, screens, etc. Zinc is quite ductile, and 
is drawn into wire from O.OlSr" inch in diameter and upward . In this form it is used 
for clothes-lines, hair-pins, netting and in tying up vines. In the form of rods, 
plates, cylinders, etc., zinc is largely employed in electrical batteries. 4t may be 
drawn or compressed into any desired form . 

*'Zlnc is well adapted for castings; it takes a very sharp impression of the 
mold, and it is quite fusible; it is largely employed in the mannfaetore of stata- 
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ettea aod other objecCa of oramentatlon. Tbey sre blgblj^ noUsbed. aod frequentlr 
colored to resemble other metaU. So beautiful are the j tbat maiif of their poa- 
aesBore would llnd It dltncuU to believe that the beautiful ornameotB of tbtir taaDd- 
Bome parlofB were made from common zinc. 

" Zinc has loDg been employed in Europe lor mODumental purpoBes.BDd hBB 
there etood the teat of time and exposure. In the United States It is now being 
introduoed for euch purposes under tbe name of ' white brorza.' It Is uBuslly tln- 
labedoff with a sand-biaat, which glvea the metal a beautiful rousfh HtilBh, far more 
beautiful than granite or marble. A number of the best moauments erected la 
tbla country in recent years have been made from ihls material. It la cheaper 
than graulte or marble. and ia mire auacepCibleof artUtlc treatment. It la far more 
durable in this climate than stone of any q^uallty. I ta beautiful dull gray color 
barmonir.es with the surroundings of and la appropriate to a cemetery. The metal 
becomes. If anything, more beautiful with age, 

" Borlal caseeare not only lined wiita sheet zinc, bat sometimes the entire 
body Ib made of it. It preaervea the body, and should always be employed in tboae 
iDBtances where the remains must be transported for long dietaocea previoue to 
Interment." 

The nse of sheet zino for roofiug purposes has been carried od 
for a Quniber of years in Europe. The Vieille Montagoe Zinc companj, 
which produced about r)S,000 tons of sbeet zinc iu 1893, Bold abont 
three-quarters of this produt;tioii for the manufacture of zinc roofing. 
It is stated that as a roofing material it is superior (o slate, tiles, 
sbeet lead and all forms of irou. It is of very light weight, compared 
with other materials; 100 square feet of No. 4 gauge (0.032 iu. thick) 
weighs about 135 pounds, thus allowing the use of lighter purlins in 
the construction of the roof. On exposure to the air it becomes cov- 
ered with a thin coaling of oxide, which gives it a very pleasing gray 
color, and which renders paiuling annecessary. Unlike galvanized aud 
other forms of sheet iron, it is not afi'ected by the weather, other than 
in becoming coated with the slight coat of oxide referred to, In 
Europe it is fashionsd in variotis forms, either plain or rolled in artistic 
designs of tiles, which are of attractive appearance. Iliiuc roofs in 
Europe are said lo have lasted as long as 50 years wilh only nominal 
repairs. In this country, no use has been made of zinc for the cover- 
ing of structnres, bat doubtless in the near future this important 
branch of the zinc industry will receive due atteulion. 

In addition, zinc is used to a large extent in Ibe manufacture of 
brass and of varions composition melale. The increased use of deli- 
cate machinery of late years has given an impetus to this brass indus- 
try. It is used also in the manufuclure of galvanized iron and barbed 
wire, of which an enormous quantity is conenmed in tbe United Btatee^ 
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A notable qaantity is ased in the desiiverization of base ballion. This 
metal also enters into varioas pharmaoeatical preparations, in the form 
of acetate, bromide, carbonate, chloride, iodide, oleate, oxide, phos- 
phate, sulphate and valerianate. The oxide, or zinc white, is exten- 
sively used as a paint for certain parposes, and the chro mate is alsa 
used by artists as a yellow pigment. 

Consumption in the United States. — There were, during 1892, 84,082 
tons of zinc manufactured in the United States, 6247 tons exported and 
205 tons imported ; hence, the net amount of zinc used in this country 
was 78,040 tons. The following table, compiled mainly from informa- 
tion furnished by Prof. W. H. Seamon, gives an approximate estimate 
of the way in which this zinc was used : 

TABLK GIVING APPROXLMATB BSTLMATB OF COXSUMPnON OF SPELTER IN TUB U. 8. IN 1892. 



GalvanizlDg sheet-iron and barbed wire. 

Brass manufacture 

Sheet metal 

Desiiverization of ballion 

Monuments, etc , 

Miscellaneous and unaccounted for 

Total 



Tons. 
35,000 

20,600 

15,600 

3,500 
300 

3,240 



78,040 



Sheet Zinc. — Sheet zinc is manufactured today by only two firms 
in the United States — the Mattheissen & Hegeler Zinc Co. of LaSalle, 
111., and the Illinois Zinc Co. of Peru, 111. Zinc for rolling should be 
nearly free from iron, as this metal makes the zinc brittle and rotten» 
If lead is present also, the effect of the iron is increased, but small 
quantities of lead alone (less than H per cent) do not injure the pro- 
duct. Zinc is rolled at a temperature of about 120^ C. At this tem- 
perature it is quite ductile, while at temperatures much above or be- 
low this point it is rather brittle. The plates of spelter are first 
roughed down or rolled between heavy rolls, and trimmed to the 
desired weight. They are then finished by passing through lighter 
rolls. Between these two operations, and also in the last stage, they 
are annealed in boxes in a furuace. After being rolled to the thickness 
desired, they are trimmed and packed. 

G— 17 
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Qalvanizing. — It was eaily noticed that a thin covering of zino 
over iron plates retarded the oxidization of the iron, and made it mach 
more durable. The zinc coating was originally applied to iron by gal- 
vanic action, from which comes the name. For many years, however, 
it has been the custom to immerse sheet-iron iu a bath of molten metal. 
The bath of molten zinc is oovered with a layer of ammonium chloride, 
to prevent oxidation. By this process, wire used for various purposes 
is also coated — barbed wire being, perhaps, the most important. 

Atto}/it, — The principal alloys of zino are the brasses, or the com- 
pounds of zinc and copper. These vary considerably Id composition, 
according to the purpose for which the alloy is wanted. Brass, gen- 
erally spealiing, is not very strong. It is weaker than either of its 
components. While the tensile strength of copper is about 24.6 tons 
per square inch, and that of zinc 16.2 tons per square inch, an alloy 
of 10 parts copper and 1 part zinc bat a tensile strength of 12,1 tons, 
and an alloy of I part copper and i parts zinc has a tensile strength of 
only 1.8 tons per sijuare inch [^;?;j' ]. It follows, therefore, that while 
brass is suited to the smaller parts of machinery, it should not be need 
for such purposes as tie rods, chains, or any parts which are subjected 
to great tensile strain. Brass, for delicate parts of machinery, contains 
nsnally ^0 parts of copper and 29 parts zinc. This alloy has a high co- 
efficient of expansion (0.000,055 per centigrade degree), and fuses at 
1021° C. Castings made of it shrinb about ■)',: in. per foot in cooling. 

Mnutz metal, a sheathing for ships, is composed of from 00 parts 
copper and 50 parts zinc to 67 parts copper and .'53 parts zinc. 

German silver is an alloy of 60 parts copper, 20 parts zinc and 20 
parts nickel. It is used extensively for mathematical and scientiSc io- 
strnments. It is easily worked, moderately hard, and does not oxidize. 
Chinese tutenag, or white copper, is composed of copper 44 parts, zinc 40 
parts and nickel 16 parts. 

Zinc oxide. — Zinc oxide in thia conntry is made entirely from car- 
bonate, silicate and oxide ores, and not from the metal, consequently 
no mention is made of this product in the estimate of the consumption 
of metal given on p. 241. When the ores of zinc, excepting the sili- 
cates, are roasted, they are changed to oxide. With the oxide there is 
retained all of the impurities of the ore, iron, silica, lime, etc., and the 
color is a dingy yellow. For the purpose of paint, it is necessary to 
produce a purer article. 
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In Europe, this is accomplished at a comparatively high cost, by 
sabmittiDg metallic zinc to oxidizing influences. This prodaoes a sape- 
rior quality of oxide, of which a considerable quantity is imported into 
America, where it commands a high price on account of its purity. 

In this country, however, zinc white is made by processes based 
on the patent issued to Samuel Wetherill in 1855. The ore, previously 
roasted, is mixed with coal and heated on a bed of coals at a sufficiently 
high temperature to reduce the zinc to metal, which, being in the form 
of vapor, is quickly reoxidized by the carbon dioxide, and drawn off 
through a pipe into a chamber, where it is collected in muslin bags. 
The carbonate, silicate, and oxide ores are preferred for this treatment. 
When blende is used, the small percentage of sulphur remaining gives 
rise to zinc sulphate. This process was used at Hopewell, Washing- 
ton county, Missouri, charcoal being used for fuel ; but the product 
was defective in color [ 239^ p. 426 ]. 
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THE DISTRIBUTION OF LEAD AND ZINC WORKS. 

From the descriptions already given, it is seen that while there are 
a namber of processes by which the ores of lead may be reduced^ 
there is but one process in general ase in this country by which zinc 
ores are treated, namely, the Belgian ; and, were it not for the extremely 
low price of fuel and labor in Europe, the same would probably hold 
there. 

The distribution of lead and zinc works is affected by natural con- 
ditions, such as the nature and supply of ore and fuel, and by cultural 
conditions, such as facilities of transportation, access to markets, etc. 
Differences in processes cause the furnaces producing these metals to 
^roup themselves in different ways. The various processes of lead 
smelting are each adapted to special conditions; the simpler ones are 
in general best suited to pure and rich ores, and small outputs ; while 
the cupola process is economical in its application, but practically 
stands alone as regards treatment of lean and poor ores and mixtures,, 
and for large outputs. Thus it is that the reverberatory and hearth 
processes are rarely used in this country, except in the Mississippi val- 
ley, where there area large number of small deposits yielding very 
rich and pure ores, which are mined at a low cost and smelted at inter- 
vals. The cupola furnaces, on the contrary, requiring large and con- 
stant supplies, and smelting almost any conceivable mixture, are located, 
not necessarily at any one mine, but so as to be readily accessible to 
many sources of supply of both ore and fuel. 

LEAD-SMELTING WOBKS. 

In the United States. — In this country there are a number of lead 
smelters, mainly of the cupola type. Those of the reverberatory and 
hearth types are confined to the Mississippi valley, and their produc- 
tion is tritiing, with the exception of the Picber plant, elsewhere de- 
scribed. 

The principal smelting works in this country, as furnished by Dr. 
M. W. lies, Superintendent of the Globe Smelting and Refining com- 
pany, are as follows : 

Omaha 4& Grant Smelting company, Omaha, Nebraska and Denver, Colorado. 
Globe Smelting & Keflning company, Denver, Colorado. 
Philadelphia Smelting & Ketining company, Pueblo, Colorado. 
Colorado Smelting company, Pueblo, Colorado. 
Pueblo Smelting & Redoing company, Pueblo, Colorado. 
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Consolidated Kansas City Smelting <fe Refining company, Argentine, Kansas, 
El Paso, Texas, and Leadville, Colorado. 

Balbach Smelting & Refining company, Newark, New Jersey. 

Germania Lead works, Salt Lake City, Utah. 

Hanauer Lead works, Salt Lake City, Utah . 

Pennsylvania Lead company, Mansfield, Pennsylvania, and Sandy, Utah. 

Selby Lead works, San Francisco, California. 

St. Louis Smelting & Refining works, St. Louis, Missouri. 

St. Joseph Lead company. Bonne Terre, Missouri. 

Mine La Motte company. Mine La Motte, Missouri. 

In Europe.* — The lead prodnction of Europe amoants to nearly 
500,000 tons annually. 

The largest producer is Spain. Home ores mainly are smelted 
there. The provinces in which most lead is smelted are Murcia, Jaen, 
Almeria and Cordoba. The principal smelting works are those of the 
Penarroya company, situated at Linares, which produces about 2000 
tons a year. 

In Germany, the principal works are the Mechernioher Bergwerks- 
verein, at Mechernich, producing about 24,000 tons ; the Stolberg 
company at Aix la Chapelle, which produces about 18,000 tons of lead ; 
the Bhenische Nassauische Bergwerks and Huttenactiengesellschaft 
at Holtzappel, producing about 7000 tons ; the Emser Blei und Silber- 
werks, and 8. B. Goldschmidt near Ems, each producing about 5000 
tons. The government has smelting works at Olausthal, Lautenthal, 
Altenau, St. Andreasberg, Oker and Freiberg, as well as at Friedrichs- 
hutte in Silesia. The Oeorg von Gieschenerben are at Breslau. 

In Belgium, there are but few works, and these subsist entirely on 
imported ores. The most important are the works at Hoboken near 
Antwerp. 

In Great Britain, there are some large smelting works at New- 
castle, also at Bristol, Chester and London. 

In Austria and Austro-Hungary, the chief points of activity are in 
Oarinthia, where the Bleiberg company. Count Henckel von Donners- 
mack and the government, jointly smelt about 5500 tons of lead an- 
nually. 

In Italy, the Pertuloso works, which produce some 14,000 tons, are 
the only important ones in operation, the Cogoleto works having been 
closed for the last ten years. In Greece, the French Laurium company 

- - — 

* For m&ny of the fls^nres of production of Earopean lead workB, the writer is indebted to 
notes kindly supplied by Mr. John N. Judson, of St. Louis, who has made a special study of tb 
subject. 
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and the Greek Laariam company prodnce aboat 2200 tons and 8500 
tons, respectively. 

ZINO SMELTING WORKS. 

In the United States The prodaction of zinc in the United States 

amoants to about 84,000 tons per year. It has been fonnd impracti- 
cable to obtain many figures of outputs of the individual works in this 
country, as the managers, in many cases, decline to make the informa- 
tion public. We have, therefore, in the following list, used the produc- 
tions of the groups given in the Mineral Industry, vol. II. 

The following is a practically complete list of the smelters in the- 
XJnited States, prepared from information kindly furnished by Mr. 
Chas. Kirchoff : 

Eastbrn and Southbrn States.— Production 1892, 14,733 tons; 1893, 10,708 tons. 

Edes, Mixter & Heald Zinc company, Plymouth, MassachusettB. and Knox- 
ville, Tennessee. 

Delaware Metal Refining Company, Philadelphia, Pennsylvania. 

Friedensvilie Zinc company,* Priedensvllle, Pennsylvania. 

New Jersey Zinc & Iron company,* Newark, New Jersey. 

Passaic Zinc company,* Passaic, New Jersey. 

Lehigh Zinc & Iron company,* Lehigh, New Jersey. 

Bertha Zinc & Mineral company, Pulaski, Virginia. 

Wyeth L(ad & Zinc company, Wyethville, Virginia. 
Illinois and Indian a. —Production 1892, 30,227 tons; 1893, 29,725 tons. 
Matthiessen & Hegeler Zinc company, Lasalle, Illinois. 
Illinois Zinc Company, Peru, Illinois. 
CoUinsville Zinc company, Collinsville, Illinois. 
Cherokee Zinc works, Winona, [Uinois. 
Columbian Zinc company, Marion, Indiana. 
Missouri.— Production 1892, 16,169 tons; 1893, 13,727 tons. 
Empire Zinc company, Joplin. 
Glendale Zinc company, St. Louis. 
R. Lanyon & Co., Nevada. 
Rich Hill Zinc company, Rich Hill. 
Kansas.— Production 1892, 22,953 tons; 1893, 22,085 tons. 
Girard Zinc company, Glrard. 
R. Lanyon, Pittsburg. 
W, & J, Lanyon, Pittsburg. 
S. H. Lanyon & Bro., Pittsburg. 
Pittsburg & St. Louis Zinc company, Pittsburg. 
Cherokee Zinc company, Pittsburg and Weir City. 
Granby Mining and Smelting company, Pittsburg. 
ScammondZlnc company, Scammond. 
American Spelter company, Galena. 

•Mannfactore zinc oxide in addition. 
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It will be noticed that all of the works are sitaated in or contiga- 
ous to larg^ coal fields. Those ia Illiaois, Missoari and Kansas are 
sapplied almost wholly by Missoari and Kansas ores, and will be de- 
scribed in more detail in chapter XIII. 

In Europe, — In Earope, the prodaction of zinc constitutes a large 
industry. The annual production is uow about 300,000 tons, and this 
could be increased considerably if desired. In fact, it has been found 
necessary for the zinc smelters abroad to form a syndicate and limit 
the production to keep the price from* falling to an ud profitable figure. 
Many of the following figures are derived from the Mineral Industry. 

The largest works are tbose of the Yieille Montague Zinc com- 
pany. While the main offices and works of this company are in Bel- 
gium, they operate mines, smelters and factories in various parts of 
France, Germany, Italy, Spain, Sweden and Africa. They produce annu- 
ally over 60,000 tons, of which about 58,000 tons are rolled into sheet zinc, 
and the remainder, with a few thousand tons more which is purchased, 
is turned into zinc white. Fully 75 per cent of the sheet zinc is used 
for roofing. This company is by far the largest in the world, produc- 
ing three-quarters as much zinc as the whole of the United States. 
Next come the following large producers in Belgium and the Ehine 
districts: The Stolberg company, producing about 13,500 tons; the 
Austro-Belge company, about 8500 tons ; G. D amont et Freres, 5200 tons ; 
Bhein-Nassau company, 8000 tons, and the Bleiberg company 6500 tons. 

In Silesia, the Schlesiche-Actiengesellschaft is the largest pro- 
ducer, turning out annually about 23,000 tons, of which the greater 
part is rolled into sheet zinc and used for roofing purposes. The other 
important ones are the G. Yon Giesche, 15,000 tons, and the Herzog 
Von Ujest, 16,500 tons. 

In Great Britain, the total production is about one-third of the con- 
sumption. The principal scene of activity in the smelting industry is 
at Swansea, in Wales. Here, there a dozen or more works, which pro- 
duce annually, amounts ranging from 500 to 7000 tons of metal. The 
largest concern is that of the Vivian company, which produces about 
7000 tons of spelter. 

In Spain and France, outside of the works of the Vieille Montague, 
there is but one company that smelts zinc, namely, the Societe Astu- 
rienne, which produces annually about 16,000 tons. 

■ The production of zinc in Austria ^and Poland is small, reaching 
about 6000 tons in the former country, produced by small companies 
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that smelt about 1000 tons each. In Poland, the prodaction is aboat 
3500 tons. 

THE MANUFACTORIES OF LEAD AND ZINO. 

In the United States. — Fully one-half of the lead made in the country 
is used in the manufacture of white lead. The following companies 
are the principal producers : 

LIST OP PRINCIPAL WHITB LEAD WORKS IN THE UNITED STATES.* 

American White Lead company, Louisville, Kentucky. 

Anchor White Lead works, Qoshorn Bros., Cincinnati, Ohio. 

Armstrong & McKelvy, Pittsburg, Pennsylvania. 

Atlantic White Lead, Robert Colgate & company. New York City. 

Beymer, Bauman <ft company, Pittsburg, Pennsylvania. 

The Bradley White Lead company. New York City. 

Brooklyn White Lead company. New York City. 

Collier White Lead company, St. Louis, Missouri. 

Cornell, 8. G., & Sons, Buffalo, New York. 

Davis-Chambers Lead company, Pittsburg, Pennsylvania. 

Eckstein White Lead company, Cincinnati, Ohio. 

Fahnestock, Haslit <ft Schwartz, Pittsburg, Pennsylvania. 

Fahncstock White Lead company, Pittsburg, Pennsylvania. 

Jewett & Sons, New York City. 

Kentucky White Lead company, Louisville, Kentucky. 

Lewis, John T., & Bros, Philadelphia, Pennsylvania. 

Maryland Lead company, Baltimore, Miryland. 

Missouri Wh te Lead company, St. Louis, Missouri. 

Morley, J. H. & company, Cleveland, Ohio. 

McBirney & Johnson company, Chicago, Illinois. 

Salom Lead company, Salem, Massachusetts. 

Shipman, D. B,, Chicago, Illinois. 

Southern White Lead company, St. Louis and Chicago. 

St Louis Lead & Oil company, St. Louis, Missouri. 

The Ulster Lead company, Saugerties, New York. 

The Union White Lead Manufacturing company. New York City. 

Western White Lead company, Philadelphia, Pennsylvania. 

Among the principal manufacturers of sheet, pipe and shot are: the American 
Shot & Lead company, Chicago; the National Lead company. New York ; Tatbam 
& Brother, New York City; Col well Lead coaopany, New York City; Raymond 
Lead company, Chicago ; and James Robertson Manufacturing company, Baltimore. 
£. W. Blatchford So company, Caioago, and L. M. Rumsey of St. Louis, make sheet 
and pipe but not shot. 

While considerable effort has been made to secure a full list of 
the principal users of spelter, it is impossible to cherish any idea of 
completeness. There are so many small foundries and machine shops 

•Extracted from a circular of the National White Lead company. 



. i-(-ir; 




Iiobert8on.\ manufaotoeibs of lead and zino. 249 

where brass is made in small qaantities, that the list of them, even if 
it were possible to prepare, woald be very volaminoas and of small 
value. 

There are bat two companies prodacing rolled zinc in this coantry, 
the Matthiessen & Hegeler Zinc company, of LaSalle, Illinois, and the 
Illinois Zinc company, of Peru, Illinois. These two turn out approxi- 
mately 15,500 tons annually. 

The manufacturers of galvanized iron and barb wire in the United 
States are as follows : * 

Merchant & coropany, Philadelphia, PenDsylvania. 

McDaDiels & Harvey, Philadelphia, Pennsylvania. 

Jos. £. Strauss & company, Philadelphia, Pennsylvania. 

Marshall Bros. & company, Philadelphia, Pennsylvania. 

Cambria Iron company, Philadelphia, Pennsylvania. 

Phoenix Galvanizing company, Pittsburg, Pennsylvania. 

Apoilo Iron & Steel company, Pittsburg, Pennsylvania. 

Oliver & Roberts Lead company, Pittsburg, Pennsylvania. 

Jas. McQuistan & company, Pittsburg, Pennsylvania. 

Morehead-McCleane company, Pittsburg, Pennsylvania. 

E. B. Converse, MoKeesport, Pennsylvania. 

Consolidated Steel & Wire company, Rankin, Pennsylvania. 

Consolidated Steel & Wire company, Chicago, Illinois. 

Consolidated Steel & Wire company, St. Louis, Missouri. 

St. Louis Stamping company, St. Louis, Missouri. 

Bannantine Qalvanizing company, St. Louis, Missouri. 

New Jersey Wire Cloth company, Trenton, New Jersey. 

Clinton Wire & Cloth company, Trenton, New Jersey. 

Trenton Iron company, Trenton, New Jersey. 

J. A. Roebling Sons & company, Trenton, New Jersey. 

Buch-Thorn Fence company, Trenton, New Jersey. 

W. T. Simpson, Cincinnati, Ohio. 

^tna Standard Iron & Steel company, Bridgeport, Ohio. 

Seymour Manufacturing company, Seymour, Connecticut. 

Washburn & Moen Manufacturing company, Worcester, Massachusetts. 

Washburn A Moen Manufacturing company, Waukegan, Illinois. 

John McVoy & company, Chicago, Illinois. 

Superior Barbed Wire company, DeKalb. Illinois. 

Whittaker Iron company, Wheelinfl^, West Virginia. 

Riverside Iron company, Wheeling, W. Virginia. 

American Barbed Wire company, Cleveland, Ohio. 

Reeves Iron company, Canal-Dover, Ohio. 

Cambridge Iron & Steel company, Cambridge, Ohio. 

*ThlB, and the lollowlng lists of manafactarers of zinc prodaots, were kindly fbrnished by 
Mr. W. P. Coleman, Vice-President of the Missoari Metal company. 
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Falcon Iron & Nail company, Nilea, Ubio. 
Cincinnati Corrugating company, Plqua, Oblo. 
CinciDnati Barbed Wire company, Cincinnati, Oblo. 
W. S Taylor Wire Works, Cleveland, Ohio. 
Clevetand Rolling Hill company. Cleveland, Ohio. 
Button Iron &8teel company, Cleveland, Ohio, 
Micbigan Wire & Iron company, Detroit, HIcblgan. 

The following are engaged in the maanfaoture of brass, brass- wire, 
electrical machinery, etc.: 

American Brass & Copper company, Aneonla, Connecticut. 

Benedict- Bum bam Manufacturing company. Waterbury, Connecticut. 

Coe Brase Man ufactu ring company, Stonicgton. Connecticut. 

BuckeyH Braaa company, Dayton, Obio. 

Wm. Powell company, Cincinnati, Oblo. 

M. M. Buck & Company, St. Louie, MUaourl. 

L. M. Rumsey Manufacturing company, St. LonU, Missouri. 

Manhattan Brass company. New York city. 

Western £lectric company, New Vork city. 

Western Electric company, Cbicago. III. 

L. Wolfl' Manufacturing company, Cbicago, 111. 

Cbicago Braas company, Cbicago, ill. 

Detroit Copper & Brass R. M. company, Detroit, Micb. 

The followiug list consists of consumers who use /.iuc for various 
purposes, besides those mentioned above : 

John Davol & Sons, New York City, importers of metaU. 

Brucek & Cook, New York City, imporlera of metals. 

Hendrlcbs Bros., New York City, importers of metals, 

Aermotor Company, Chicago, wind-mills. 

Gender, Paescbeke company, Milwaukee, house-fiirniablng goods. 

H, H, Palmer Company, Rockford, 111., cburns. 

Hoyt Metal Company, St. Louis, alloys. 

There are a few other consumers which are not mentioned, such 
as the silver refining works, which nse small quautitiee individually. 
Some of the zinc smelters make the zino elemeutB for the batteries 
used by the telegraph companies. 

In Uurope-^Aa has been stated, the largest single nse of lead is 
for the manufactare of while lead. In Europe, this industry is very 
widely spread. Germany probably produces 50.000 tons, much of which 
is made by modifications of the T)utch process, which modihoatiooB 
are kept secret. Considerable qnantities are made by a more rapid 
process, however, and are for export trade. England produces about 
as much white lead an Oermany. It is manufactured mainly at New- 
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castle-OD-the-Tyne, LoDdon, Ohester and Bristol, Glasgow and some 
other places. Italy probably produced considerable white lead at 
Genoa, Oogoleto, Naples and Milan, there are a few works now in 
operation at Naples and Milan ; bat the total ontpnt is probably less 
than 4000 tons. The Netherlands prodace aboat 500 tons altogether, 
all of which is consamed at home. 

After some inqairy and correspondence, it was found impracticable 
to obtain any detailed information regarding the manufacture of zinc 
in Europe. By far the largest portion is used in the form of sheet for 
roofing and similar purposes, as already stated. A considerable por- 
tion of the remainder is turned into zinc white. The manufacture of 
these articles is usually carried on in connection with the various 
smelting works. 

Markets. — The American markets for lead are principally New York, 
Chicago, St. Louis and Baltimore. The same points, with the addition 
of Philadelphia, Pittsburg and Cleveland, are the main markets for 
spelter. At these places, the smaller consumers buy from the com- 
mission merchants ; most of the larger consumers, however, purchase 
direct from the smelter. 
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STATISTICS AND PRICES. 
PRODUCTIONS. 

World^s Productions. — In the accompanying tables are given the 
prodactions of lead and zinc and their ores in all conntries. 

It has been found impracticable, with the time and means at our 
disposal, to obtain much detailed information previous to 1860. Con- 
sequently, for periods before that year, only the average annual rate of 
production has been inserted, when it could be ascertained. Since 
1860, however, the figures of production have been more carefully kept, 
and are more accessible. 

Many countries simply mine these ores and export them to other 
countries for reduction. Other countries mine but insignificant quan- 
tities, but have large smelting and manufacturing industries. In com- 
paring tables of production that have been published, confusion is 
liable to arise from the fact that some of them give the output of the 
smelters of the respective countries, while others give the metal con- 
tents of the ores mined. 

In the accompanying tables, we have given in adjoining columns 
both the ore mined in the country and the total amount of metal pro- 
duced whether from home or foreign ores. 

The metal production of a country, therefore, must not be con- 
sidered as having necessarily any relation to the ore mined there. The 
figures of production are given in short tons of 2000 lbs., such being 
the commonly accepted unit in this country. 

In preparing these tables the writer has consulted various author!- 
ties, principally: Whitney's Metallic Wealth [234]; Phillips' Ore 
Deposits [ 168] ; Hunt's British Mining [ 110]; Fuchs and DeLaunay's 
Treatise on Ore Deposits [91]; Statistics of the Metallgesellschaft, 
Frankfort am Main f 21^2 J ; Henry R. Merton's Statistics of the World's 
Productions of Zinc ; MulhalPs Dictionary of Statistics [ 151 ] ; Hague's 
Report on the Paris Exposition [94]; the various volumes of the 
United States Mineral Resources and the volumes of the Mineral 
Industry f i,9J ], as well as many miscellaneous articles in the Trans. 
Am. Inst. Miu. Eng. and in scientific periodicals. Because of the sub- 
stantial agreement between the figures given in the Mineral Industry 
and those of the best authorities, as well as the fact of the later date 
of those contained in the Mineral Industry, preference has been given 
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T.— Mining began in I4th or I5th century, but little work done until the beginning 
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1 Industry; 19B0-88 from returns to the Kng. and Min. Jour, by producers. 



Om. HMbI. 



On, Hrtal. 



4W,t«t 



31S,0B7 



HS,I8& ' 

sss.esa I : 



I sm,s5 



dOrincUieHlddleiKfit, Theep prod uc Lions rrom i he Mlnfrsl Indnttry ignecloaBlTWlUi thote 

" eounmptlan Fb*s<;» -Mining TiroBBcnteillij ilia ltomaiiB«nclMljnePT«lB»iiiM. Prodno- 

B OaaiTBRiijiiN— U.lD»vorked«iDretlie Roman InTulan andprobkblrlMlOTe, SUUitlu 

0,1X10 tODimeUlpRxlDOedliilbe Gib -utdBLhcsntnrleiB. C. Since beglnnliii'or tbeCfarlillu an 

lllltlcinlnlDgdaae. t, Monroe D«1;y, PblUlp4[ffUli tr, Rein (/ST] ....Hi.'dco.-SllT.-rmlnlaB 

innsr Spain.— binlngditPBlroin time or FbcBnlolaoB. Fignrei of nrodncilon or oni Inelodt 

enl BcMtnrCM^ IB8B. llthCBnani; 1W0-9S, the Mineral Indnxrj. 



liobertson.] productions. 25a 

to these, and in most cases they have been used, the exception being 
where figures derived from local sources seemed more authoritative, or 
where no figures were given for the respective countries. 

Productions in the United States. — The published statistics of the 
productions of lead and zinc in the United States are very imperfect. 
Previous to 1889 the figures from the various states are largely esti- 
mates. When records have been preserved with any care at all, the 
productions of adjoining states have often been combined, so that the 
individual state productions cannot be determined. From the year 
1889 on, the figures are more reliable, through Mr. EothwelPs under- 
taking to trace the argentiferous lead ores sent to the refining works 
back to the states and territories from which they originally came. The 
figures of production for Missouri, ;Kansas, Wisconsin, Illinois and 
Iowa, particularly, have been reported as the " production of the Mis- 
sissippi valley," and the productions of the individual states have been 
hard and in many cases impossible to obtain. 

It has been a defect of previously published tables of statistics^ 
that the productions of lead ores have seldom been included. We have 
endeavored, so far as the time and means at onr disposal would allow^ 
to collect from various sources the figures of production of both 
metal and ore. For convenience of reference, these have been ar- 
ranged in adjoining columns in the same table. Here, as with the table 
of world productions, the figures of metal represent the outputs of the 
smelters, and not the metalliferous contents of the ore mined in any 
one state, unless noted to the contrary. 

Similar remarks might be made concerning the figures of zinc ores 
and metallic zinc. More attention has been paid, however, to the 
preservation of figures of ore production. 
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TABLE OP PRODUCTIONS OP ZINC ORES AND METAL IN THE U. S. 

(Figure* of Production in tons of 2000 pound*.) 



Tear. 



New Jersey. 



Ore 



Metal. 



WiBConBin. 



Ore. 



Metal. 



IlUnolB 



Missouri 



Ore! Metal. 



Ore. 



Metal 



Eaosas. 



Ore. 



Metal. 



1870. 

1871. 

1872. 

1878. 

1874. 

1876 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882 

1888. 

1884. 

1886 

1886 

1887. 

1888. 

1839 



1862-64 
6,450 
186S 

26,0C0» 



22,000* 



17,600 
18.600 



14.687 
31,987 
28,811 
49.178 
40,188 
66,086 
40,094 
88,626 
48,877 
60,220 
46,877 
66,154 



1890 ' 49,618 



1891. 

1892 

1898 



76,082 
77,293 



1860-69 
20,817 



6,912 
12,961 
21,976 
17,814 
17,818 
16,208 
14,676 



16,500» 
4,617 



24,832 



1860-69 
200 



18,201 
16,792 
17,694 
19,427 
21,077 
22,279 
22,446 
28,860 
26,279 



3,100 

3 600 

6.800 

7,600 

11,700 

17,100 

23.600 

26,600 

27,900 

80,600 

34,600 

47,800 

46,700 

47,600 

66.9U0 

68,700 

(33 000 

76,100 

83, £00 

82,400 

100,200 



28,660 123,800 
80,227a 132,400 
29,725a, 108,800 



2,600 
6,780 
6,230 
4.677 
6,870 
8.660 
13,466 
11,077 



7,248a 
14,838b 
16.662b 
16,89lb 
18,986b 
22,208b 
27,210b 
27,887b 
27,278b 
39,676c 



18,630 i 21,675d 
16,206 I 20,6421 
16,169 ! 23.812a 
18 737 i 



7,866 

9.010 

7,859 

8,602 

8,932 

11.966 

10,482 

18,668 

16.880 

21.460 

22,968 

22.086 



Notes — Nrw Hampsiiikk. Coxvkcticut and Nkw Youk —Small deposltB of zinc occur, but 
have not been worked Pennsylvania —Mining be/a-i is 1860 No Btatl^tlCB available; total 

prodnctlon e-tlmat^d 500,000 and 1,000,000 tons ore — Nkw Jersey.— Mining began in 1850 StatlBtlCB 
from N. J Geological Survey Mahyland — LUtle mining done; in l^8<). 72 tons of ore pro- 

duced ViuoiNiA —Mining ccmmenred abont 1870 No BtatiPt*CB ob'aired; output probrbly 15, OCO 
to 25.000 tone of zinc ore per annum — North Carolina - Practically no production I^nnesrkk. 

Mining hafl been carrip«l on over 2ft vpars, but no 8 atUtirs are avana>)Ie Wisconsin - Zinc 

mining bejran In 1800 Statlptlcs from Geological Survev of Wisconsin Recent years no tlirurPB avail- 
able Illinois and Iowa —Minin«r began abou"; i860 Muob or-* pr<Mluc^d No lik^urcA of ore 
production, available in IS'^O, according totheCeiBUB 3000 tone of or»* produced In llIinoiB, bat 

none mentioned In Iowa In lh89 th»» (-ensuB iciveB 450 tons *-f ore from IlIinolB Missouri.— Ore 

productions from data of chanter XIII Kansas.— Minlnur began about 1876 a Tenth CenBHs. b 
MatThlcBBen and Hegeler c Eleven h CeneuB d C. T Dana, Galena (Kbb ) Times Arkansas — 
Little or no zinc ore ehlpinpntB; production 1889, 180 tone; 1892, 860 lonB . Rck^ky Mountain- 
Great Basin Keoion.— No zinc ore haB been produced for market except in New Mexico. Shipment 
to Jan., 1894, 1355 tons. MlneB now cloBed. 

UnleeB otherwlBc noted, prodactionB are taken from the Mineral Industry. 

* Estimated. 
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IMPOSTS AND BXPOBTS. 



The United States has, from time to time, imported and exported more 
or lesa of these metals, althoagh the amounts either way were not large. 
It has been suggested during the last few years that a profitable export 
trade in these metals or in the ores could be worked up, and a special cod> 
solar report has just been issued, containing the opinions of the consular 
representatives of this eovernmeiit iu foreign oouDtries on this subject 
[1S8], Tables of the amount of lead and zinc imported into and exported 
Arom the llDited States are introdaced here aa bearinfc on this sabject Tbey 
are all extracted ftova the volumes of the Mineral Industry. 
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PRICES. 

The prices of the metals vary from time to time with other com- 
modities. With a view to completeness, we have brought together in 
the following tables figures of prices, both of metals and ores, for 
recent years. The prices for the United States were taken from the 
Mineral Industry. Those for Great Britain have been compiled from 
difiPerent sources, specifically referred to in connection with the tables. 
The prices of ores and metals in Europe were calculated from tables 
given by Messrs. Fuchs and DeLaanvLy' [91^ vol. ii, pp. 468 69], All 
prices of ores are given in dollars per short ton, and of metals in cents 
per pound — the value of the English pound sterling being taken at 
$4.86, and of the franc at $0,193. 



AVERAGE YEARLY PRICES OF LEAD IN NEW YORK. 

In cents per pound. 



1870 


626 


1876 


6.13 


1882 


4 91 


1888 


442 


1871 


6 08 


1877 


649 


1888 


4 82 


1889 


89S 


Jt5Ts . • • • . • • 


6 80 


1878 


8 61 


1884 


374 


1890 


448 


1878 .. 


6 82 


1879 


4 14 


18^5 


3.95 


1891 


48Bi 


1874 


6.01 


1880 


6 04 


18g6 


4 68 1892 


4 09 


1875 


6 86 


1881 


4 81 


1887 


4 60 1 1898 


8.78 



AVERAGE YEARLY PRICES OF SPRLTER IN NEW YORK. 

In cents per pound. 



1875 
1876. 
1877. 
1878 

1879 



7.00 
7 26 
6.03 

4 88 

5 04 



1880. 

1881 

1882. 

1883 

1884 



5 61 
5 24 



1886. 
1886. 



4 35 1890 5 66 

4 40 1891 6 02 



5 33 1837 4.68 



1892. 



4.60 
4.44 



1888 
1889 



t 



4 91 : 1898. 

I 

5 02 I 



468 
4 06 



PRICES OF LEAD ORE IN GREAT BRITAIN. 
In dollars per short ton. 



1872 


$69 14 


1877 


$60.46 


1882 ( 


1873 


66.64 


1878 


45.88 


1888 


1874 


63 B6 


1879 


44 62 


I.^jU 


1875 


67 04 


1880 


49 00 


1885 


I0T6 


63.66 


1881 


44 00 


IS.^ 



$44 10 1 1887 $36.82 

37 10 1888 87.10 

32 28 I8S9 88.€8 

34 65 1890 88.68 

38 50 1891 86 86 



From 1872 to 1882, inclusive, the prices are taken from Hani [llfi] ; for 1883 to 1891, flrom Fnchs 
and DeLannay [91]. 



Robertson. ] 



PRICES. 
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PRICES OF LEAD IN LONDON. 

In cents per pound. 



1771 


2 91 


1808 


6.02 


1840 


. . . . . 9. Vs 


1870 


4.05* 


1772 


2.69 


1804 


6.08 


1841 


4.37 


1871 


8.95 


1778 


2 64 


1805 


600 


1844 


8.68 


1872 


4.34 


1776 


2.84 

280 


1806 


7.76 


1846 

1849 


ill 

8.45 


1878 

1874 


5.06 


1776 


1807 


6.54 


4.80 


1777 


2 80 

2.69 


1808 


6.51 


1860 

1851 


8*80 

8.72 


1876 

1876 


4.88 


1778 


1809 


......... 6 77 


4.70* 


1779 


2.60 


1812 

1818 


6 02 

5.59 


1862 

1868 


8 88 

6.07 


1877 

1878 


4. 46* 


1 lOv. ....... 


8.42 


8. 68* 


1781 


8 21 


1814 


6.81 


1854 


6.14 


1879 


8.22 


1782 


867 


1816 


8.68 


1866 


5.01 


1880 


8.66 


1788 


850 

829 


1818 


5.95 


1866 

1867 

1858 ....... 


6.21 

6.17 

4.67 


1881 

1882 


8 26» 


1784 


1820 

1821 


4 67 

4 89 


.... 8.18* 


1786 


1888 


2.81* 


1786 


4.67 


1828 


488 


1860 


4.88 


1884 


250 


1790 


8 60 

422 


1824 

1826 


466 

6.48 


1861 

1862 


4.78» 

4.62 


1885 


2.61 


1792 


1886 


2.87 


1798 


4 16 


1826 


4 18 


1868 


4.62 


1887 


2.80 


1794 


8.16 

4.01 


1828 


8.42 


1864 

1865 


4.69 

4.87 


1888 

1889 


8.02 


1796 


aOoU •••••••• 


264 


2.84 




n m 


1832 


2.68 


1866 

1867 

1868 

• 

1869 


4.45 

425» 

4.ao» 

4.26» 


1890 


2.91 


1799 , 8 M 


1835 

1886 


8.69 

5 45 


1891 

1892 

1898 


2.70 


1800 


4.66 

521 


2.84 


1801 


1857 


4.72 


2 07» 







These prices have been calculated by Mr. John N. Jadson, from a 
table given in the *' Statistiche Zasammenstellangen aber Blei, Kapfer, 
Zink and Zinn von der Metallsgesellschaft, Frankfortam-Main." 

Those figures marked with an *, with the exception of the figares 
for 1861 and 1893, are taken from the Mineral Besoarces of the United 
States for 1885. 

As specie payments were suspended in Great Britain from 1797 to 
about 1844, the prices quoted between these dates were in bank papery 
gold standing at a premium. 
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PRICKS OF ZIKC AKD ZIKC ORB IN GRKAT BRITAIN. 



Ykar. 



1S6S 

1869 

1860 

1881 

1862 

186S 

1864. 

18B6 

1866 

1867. 

1868 

1869. 



ORE. 

Dollars per 
ton. 



I 



MKTAL. 

CeDtB per 
lb. 



$13,20 I 
11.00 
8.80 
9.35 
10.34 
13.31 , 
12 76 
14.69 
13.49 
13.49 
18.97 



5.S9 
4 62 
4.51 , 
3.94 ' 
4.03 ! 
3 98 I 
4.87 



4.53 ! 1877 
4.82 
4 63 
4 47 
4.52 i 



1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1677. 

1878. 

1879. 

188(1 

1881. 



Ykab. 



ORE. I VXTAL. 

Dollars per Ceotsper 
Urn. lb. 

I 



$16.18 


; 4.14 


14.30 


! 4.09 


18.60 


1 5 01 


1480 


6 09 


; 14 85 


6.18 


18.10 


545 


20.24 


6.81 


17.01 


4.79 


! 14.09 


4.29 


16.24 


891 


17 82 


428 


14.67 


47^ 



XoTK.— This table is calculated from figures given by Hunt (lia) 



Bobert8on,\ 
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Lead and Zinc in Missouri 
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CHAPTER VII. 

HISTORY OF MINING IN MISSOURI. 

PREViors TO THE YEAR 1800.— 1800 TO 1820.-1820 TO 18S0.— 1880 TO 1860.-1850 TO I860.— 1860 TO 1870. 

1870 TO 1880.— 1880 TO 189S. 

The lead and zinc ores of Missoari are confined to the soathern 
part of the state — not a single workable deposit, to the writer's know- 
ledge, having been developed north of the Missouri river. In this 
soathern part, three districts are recognized. These are : 

1 ] A Southwestern District, occupying the extreme southwestern 
counties ; 

2 ) A Southeastern District, occupying the eastern counties ; 

3) A Central District, occupying the central northern counties. 
The location and limits of these districts, as defined by this report, 

are shown on the accompanying geological maps. Though other de- 
posits and mines exist outside of the defined limits of these districts, 
this separation is a useful and a natural one, as the deposits of each 
district have certain distinctive characteristics. The classification is, 
hence, retained in the following report, and the discussions of this and 
succeeding chapters will be regulated by it. The history of the first 
one hundred and fifty years of lead mining in the state deals almost 
exclusively with the Southeastern district. 

PREVIOUS TO THE TEAR 1800. 

Lead ores were discovered and worked in the eastern states before 
those of this western country were known. Missouri may, however, 
lay claim to being the scene of the first lead raining in the Mississippi 
valley. It is also probable that the first discovery of such ores by the 
white man was made here. It is true, that lead ores are thought to 
have been discovered in the Wisconsin lead region, by Nicolas Perrot, 
about 1682 [ 121, p. 498 ], and to have been smelted by the Indians in 1690 
[ 177, p. 82 ]*; but this report is of doubtful authenticity. The first dis- 
covery of lead in Missouri, according to reliable information, was by 
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Penicant, one of LeBneur's party, which ascended the Missiesippi in 
the year 1700. He refers to a mine reached by the Meramec, aboat 50 
leagneB west of the MisBiHSippi river, and weal of Ste. Geoe%ieve. 
whence the Indians got their snpply of lead. Ab this same ex)>edition 
Gontinned np llie river and discovered lead ore near the sontbern 
boundary of Wisconsin, in Augast of the game year, Misaocri canaot 
lay claim to great priority in the date of discovery. 

VYiien one considers the imperfect means of communicatioD of 
those early days, the nild and unexplored condition of the conatry, 
the dangers that were known to surround early settlers, and the vast 
distances vhicfa separated them from friends and civilization, it is 
remarkable how soon occupation and possession followed npon explora- 
tion and discovery. The present case is no excepiiou to that rule. 
Hardly more than a decade after the first discovery, the Crozat patents 
were issued by Lonis XIV, in 1712, with special privileges applying to 
the discovery and operation of mines in the then territory of Lonis- 
iana. Though little or nothing nas done in the direction of mining 
nnder the privileges of this patent, immediately upon its transfer to 
the "Company of the West" or the "Mississippi Oompany," in 1717, 
active operations were prepared for under the promotiug genioa of 
John Law. 

The fabulous and flctitiona accounts growing out of the early 
explorations had given rise to exaggerated ideas of the mineral wealth 
of the country, especially of the prevalence of the precious metals. 
Such ideas were doubtless stimulated by the agents of the company, 
and many inducements were held oat to miners and mechanics to emi- 
grate. About the first effort made in the direction of mining, was by 
Sieur De Lochon, in 1719, on the Meramec. He was sent out by the 
Mississippi company, and made some ineffecinal attempts to smell the 
lead ore, but, being in search of silver, he did not accomplish much, 
and soon abandoned the field. As Charlevoix says [ S7, p. -Jti j : 

' ■ Be dug in a place ttiat was staawed him, toot up a prettT larKe qaantli; of 
Ihe mineral, a pound of wbicb, that took np four dajg to melt, produced as they 
eay, two dracbmB of silver; but some persons lu^pet^t tbat lie put In the eliver." 
A tew months later be trifd for lead, ''and from two or ibree tbousand wf Igbl of 
the mineral he estracted fourteen pouoda of very bad lead, wbicb eoM blni UOO 

A few other attempts were also made at this time, but proved 
equally abortive. 
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Iq this same year, 1719, accordiDg to Schoolcraft [^Orl, p. 19], 
Philip Francis Benanlt, son of an iron founder, was made Director- 
General of the mines of the Oompany of the West, and left France for 
Louisiana with 200 artisans and miners. With him, it is stated, came 
LaMotte, a man reputed to have been versed in mineralogy. The ex- 
pedition took on at St. Domingo 500 slaves for working the mines, and 
can thus be credited with the introduction of slavery into the colonies. 
Renault established himself near Kaskaskia in 1720, and sent out his 
exploring parties from there, mainly in search of, and with the hope of 
finding precious metals. In one of these expeditions, the deposits of 
Mine La Motte, in Madison county, were discovered, and, being subse- 
quently worked to a small extent under LaMotte, they acquired his 
name.* Old Mine and Mine Renault, both in Washington county, re- 
spectively six miles N. and 8 miles N. W. of Potosi, were discovered 
soon after,t between the years 1724 and ':I6, and mining of the ores 
was started at a number of places. Schoolcraft, in 1818, remarks as 
evidence of the early industry, the existence of a great number of old 
diggings scattered over the country. At the same time, apparently, 
Renault also instituted, with reasonable success, the smelting of the 
ore on a large scale. The product was sent to France via New Orleans. 

It is probable that a permanent and flourishing industry would 
have been built up here at this early date, had it not been for the fail- 
ure of the whole gigantic enterprise piloted by Law. The collapse of 
the bank established by his company, which is credited with having 
had in circulation over 200 million dollars in worthless notes, brought 
about a cession of the charter of tho company to the Grown in I7JL 

Though thus deprived of almost all means of support, Renault 
remained courageously in the country for nearly ten years after the 
dissolution of the company. Grants covering Mine La Motte and 
other tracts, which, we may incidentally note, were the first land grants 
made in Missouri, had been conveyed to him as early as 172.1 Their 
possession, doubtless, simulated him to continued exertions toward 

* As opposed to tnis accoant of the discovery of Mine La Motte. Da Pratz, in his history of 
Lonsiana, states that La Motte resigned as (Governor in March 1719, and returned to France, 
where he died the next year. It Is farther stated that in 1713, M. de la Motte Cadillac, or 
La Mothe Cadillac, arrived in Louisiana with a commission as Governor. According to one aoM>ant 
he conducted , in the year 1715, an expedition for the search of silver mines into the ooantry of the 
Illinois L i/T, pp. 80-91]^ and returned with fine specimens of lead ore. It is supposed that Mine 
La Motte was discovered on this expedition. 

tThe locations of these and of other historic mines of note, are shown on the Southeastern 
district map. 
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the developmeDt of the ooantry. la 1742, however, apparently losing 
courage, he abandoned hie work and rttarned to his native conntty, 
thus bringing to a close the first period of mining In Misaonri. 

During the nest 60 years, or np to the end of the I8th centary, 
only desultory mining was practiced. From Anstin's [4,P-^SS] ac- 
count it appears that, between the lime of Renanlt'a departure and the 
cessioD of Louisiana to Spain in 1782, mining was feebly prosecuted 
by the French at Mine La Molte, Old Mines and at Mine a Gerbore, 
which last is situated 18 miles norlb of Mine Li Motte, in St. FraocoiB 
county, all of which deposits had been discovered dnrjog Renanlt'e 
time. Probably some little work was prosecuted at other diggings, 
but others, such as Mine Benaull, remained inactive during this period J 
and for many years after. 

In 1763, according to Austin, the Mine a Burton was discovered at 
what is now the town of Potosi. in Washington county. The dis>!ov- 
ery was made by Francis Burton, a Frenchman, while on a hanting 
expedition.* Work was apparently started here at once, and the pros- 
pects and ease of mining were such that people were drawn from al) 
the other mines, which were consequently abandoned for a time. This 
was especially the case wiih Mine La Motte, where the dissemiuated 
ores were found difficnit to work and smelt, and were consequently not 
rated high. About the same time, the Mine a Robina. two miles soath- 
east of Potosi, was discovered. 

These discoveries stiuinJated mining to a certain extent, bnt,a8ide 
from this, during the next 30 years of Spanish control the industry was 
languidly pursued. The Mine a Bnrton and others of the vicinity were 
principally worked, and daring the latter years of this period Mine La 
Motte, Old Mine and Mine Benaalt also supplied much ore. Accord- 
ing to Gol. A. W. Maupin. of Union, the Thomas mine, of Franklin 
county, was inclnded in a Spanish grant and was worked iu this period. 

During the last live years of the ISIh century, mining received a 
decided stimulus. New deposits were discovered, the scale of mining 
was enlarged and (he methods of smelting improved. Among other 
mines opened at this time were the Mines a Lanye, about 16 miles 
SSB. of Potosi ( probably in SI. Francois county ), discovered in 1796 
by a man of the same name. Others were ihe Mine a Maueto, or Amei 
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ican mines, on Big river, in St. Francois county, aboat 12 miles soath- 
east of Potosi, discovered by an American in 1799; and Mine a La 
Platte, near the soatheastern corner of Washington connty, about two 
miles from Big river, discovared in 1799, and operated to a small extent. 

A noteworthy event in the history of southeastern lead mining was 
the arrival of Moses Austin in 1799. He had formerly operated the 
lead mines of Wytheville, Virginia, and brought many ideas and im- 
provements which were new to the western country. He obtained a 
grant of one league square at Potosi, in consideration of which he was 
to erect a furnace and other works. This he did in the following year. 
Up to this time, ore had been dug from the clay in shallow pits, seldom 
over 10 feet deep. Austin sank the first regular shaft, and penetrated the 
rock to a depth of 80 feet. The smelting at this period was also very 
crude and wasteful in its methods. It was done either on log heaps or 
in a rude furnace constructed like a lime- kiln. The process often 
yielded only about 35% of metal ; the ashes of lead or litharge were 
entirely wasted. At the time of Austin's arrival, about 20 such fur- 
naces were in operation near Potosi. He erected the first reverbera- 
tory or ash furnace, and, by 1802, had apparently captured the whole 
smelting business of the neighborhood, as only one of the old furnaces 
was then running. He also erected a shot-tower in 1799, and works 
for the manufacture of sheet lead. From these the arsenals of New 
Orleans and Havana were supplied. 

The introduction of these improvements enhanced the value of 
the mines. About the same time, some American families immigrated 
into the territory, and a little later, with the cession of the country to 
the United States, the influx of the Americans became very large. The 
total production up to the end of the century is estimated to have been 
in the vicinity of 18,000 tons of lead. 

1800 TO 1820. 

As a result of this increase of population, the first 20 years of the 
century was a period of almost continuous growth and development in 
the lead-mining Industry, and the average rate of production increased 
to about 1,100 tons of lead per year. 

Among the important discoveries of this period, may be cited the 
Mine a Joe, later called the Bogy mine, in St. Francois county, on Big 
river, near the site of the recently erected Desloge concentrating 
works. This mine was discovered in 1801 by Americans, Baker and 
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Ally. It wae taken from tbem by the aathortties Ed 1802. Daring the firat 
year of its discovery, a large amonnt of lead ore was mined, bat, afl«r 
it waa seized, little ore was produced during the immediately follow- 
ing years. Indeed, Anstio, writing iu 1S04, supposed tbe deposit not to 
be very extensive, 

So<ni after this, in tlie year 1303, several new discoveries were 
made in Washington county, including tbe Mine a Martin, 4 j miles east 
of Potosi. In 1806, Nf^w Diggings, a few miles S. G. of Potoei, were 
discovered, and prodnced for a few years at the rate of atiODt 1000 
tons of ore per annum. 

In 8t. Francois county, tbe mines at Hazel Run were first opened 
iu 1806. Tbey are situated abont five miles northeast of Boune Terre. 
From Bryan's mines, which are located here, Schoolcraft slates that 
□early 500 tons of lead were made in the tlrst year of their dia- 
covery. 

The Shibboleth mine was discovered in 1811. It is in WashiogtOD 
county, less than a mile northwest of the present town of Cadet. This 
was one of the most productive mioea of that period, and is credited 
in tbe first year of its operations with having yielded 2500 tons of ore, 
equivalent to 1563 tons of lead. In subsequent years its prodaction 
declined somewhat. 

In 1814, the Fourche a Conrtois mines were discovered. They are 
located in the S. W. corner of Washington county, in townships 36 N. 
1 Band 1 W, around the present postoHice of Palmer. The mines at 
Bichwoods, in the N. E. corner of Washiugton uoonty, inclading the 
old Lebaume mines and French disgiogs, were also discovered near 
this date. 

Gray's mine, in Jefferson county, between one and two miles sooth 
of Frumet, seems also to have been discovered about this time, as does 
also McEaoe's mine on Dry Creek, near the mouth of Big river, 

!n addition to these new discoveries, the older mines by no means I 
ceased operations. Thus, Mine a Burton was worked continuouBlj, 
during the mining season at least, employing [iu tbe neighborhood 
of 200 men in some years. The period of masimam prodnction was 
between the years ISOi and 1808; bnl dnriug the 21 years, 1798 to 
1819, tbe outpot is stated by Aostiu and Schoolcraft to hive been 5130 . 
tons of lead. In 1818, the mine was in a state of decline, and not over ] 
30 miners were employed. 




1800 TO 1820. 273 

MiDe La Motte was also a constant and large producer. About 
1803, Austin estimated the annual production of lead to be about 100 
tons, by 30 men, ^mployed [from four to six months in the year. He 
states further that this was a great reduction from the rate of preced- 
ing years, due to the fact that the mine was then claimed as private 
property, and the residents were not allowed to work the ores, as was 
the case during the preceding century, when the mine was considered 
public property. Work was apparently actively resumed later, how- 
ever; for, in 1819, we find Schoolcraft estimating for the immediately 
preceding years an annual ^production of 400 tons of lead, and Mills 
[ lJf7, p. 46 I has allowed as a total for the years 1804 to 1819, 4000 tons 
of lead, or 250 tons per year. 

The mines thus far cited were the scenes of the principal opera- 
tions during these early years of American possession. Other mines 
were, however, producing considerable quantities. Among these were 
the Old mines, employing in 1804 about 30 hands, Grays and Doggett's 
mine at Hazel Bun, and McKane's mine in Jefferson county. In all, 
Schoolcraft cites 45 mines worthy of note, in Jefferson, Washington, 
St. Francois (then part of Ste. Genevieve, Washington and Jefferson 
counties ) and Madison counties, which had been worked or were work- 
ing in 1819. Of these, 39 were in Washington county, 3 in Ste. Genevieve 
county, 2 in Jefferson and I in Madison county as then defined ; 27 
were in operation in 18 19, giving employment to 1130 men for greater 
or less portions of their time. The most extensive were Mine a Bur- 
ton, Mine Shibboleth, Le Beaume^s, Old Mines, Bryan's mines. Mine a 
Bobino, Mine La Motte, Mine a Joe, Mine Benault and New Diggings, 
all of which we have before referred to. Further, with these are to 
be classed Pratt's, near Big river, about 16 miles £. of Potosi, at the 
town of Bonne Terre, in St. Francois county, recently known as Des- 
loge mine and now part of the St. Joe Lead company^s property; Mine 
a Straddle, in Washington county, about 10 miles W. of N. of Potosi, 
near the old Benault mine; Mine Liberty, about a mile SE. of Mine a 
Straddle; Gannon's mine, about 2 miles E. of Old Mines, in Washing- 
ton county; and Mine Silvers, some 8 miles W. of Potosi, between it 
and the Palmer mines. 

Outside of this southeastern district, little or no mining seems to 
have been done. Schoolcraft [203^ pp. 60-61] refers in 1819 to disco v- 

O— 19 
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eries of lead ore on Otter creek in Washington county, on Strawberry 
river in Lawrence county, on White river, on the James river, on the 
Meramec, Gasconade, Osage, and *' Mine'' rivers. He states that only 
small diggings had been made there, and that no ore was smelted, 
though remains of ancient works had been found on White river. 

Brackenridge, writing in 1810, says that he has been informed by 
hunters of the existence of lead ore in great abundance on the Osage 
river and in the country drained by White river [28^ p. 146]; and 
Schoolcraft again in 1818 found lead ore in Stone county, and smelted it 
for bullets [204]. 

The presence of zinc ore had been recognized as early as 1810 by 
Bradbury, at Mine a Burton, and its [ ^8, p. 67 ] occurrence is noted by 
Schoolcraft at the Renault, Elliot, Brushy Bun and New Diggings mines, 
all in Washington county. With his characteristic acumen, the latter 
predicts the future value of this ore. It is interesting further to note 
that the terms ^' tiif, " as applied to barite, and ^^ glass tiif, " as applied 
to calcite, were used as far back as 1810. 

The methods of smelting the ore, though in places improved over 
those of the preceding century, had generally advanced but little since 
Austin had inaugurated the use of the ash furnace. The old log fur- 
nace continued in common use. The yield from the log furnace was 
generally about 509^^, and from the ash furnace aboat 15^ more — mak- 
ing the total product of lead 65 "m of the ore, obtained at the cost of 
excessive amounts of fuel and labor. The furnaces were generally 
built of limestone, which burnt out quickly and had to be frequently 
rebuilt. Schoolcraft condemns the current practice strongly, and 
characterizes the furnaces as " defective in the plan, constructed of im- 
proper materials, and the workmanship is of the rudest kind.'' He 
recommends the use of blast furnaces. 

All the lead manufactured was hauled in wagons to Ste. Genevieve 
and to Hereulaneum. Ste. Genevieve was, during the early years, the 
only large shipping point : but, with the establishment of Hereulaneum, 
about half of the product went there. At this latter point, there were 
3 shot-towers in IS18, erected on the river bluffs, where shot was made 
by lettiuiT it fall down the banks. From these points, the lead was 
shipped to Philadelphia, New York and New Orleans. The total 
amount of pig and bar lead and 8hot sent out during these years, 
Schoolcraft estimates, in 1819, to have been about 1500 tons per year. 
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The work at the mines and farnaces, thoa^^h employing a large 
number* of men, was of an intermittent character, the ore being taken 
oat by the white residents, or by the slaves of the wealthier men, dar- 
ing sach times as there was little or no work on the farms. This ag- 
gregated aboat 3 or 4 months in the year. The natare of the work 
was also desnltory and on a small scale. The only tools ased in 1811 
appear to have been a pick, a wooden shovel and a sledge-hammer to 
break the rock. In 1819, however, Schoolcraft refers to the drill being 
used for blasting. Though Austin ventured a shaft 80 ft. deep, no 
others were sunk to a greater depth during this first score of years of 
the century, and not a single engine for hoisting or pumping had been 
introduced. In the majority of cases, the depth of the excavation was 
limited to the distance at which rock was strack, the material being 
first thrown out by hand and shovel to a depth of perhaps 15 ft., and 
then lifted out by bucket and windlass. The miners generally segre- 
gated about various centers until the surface ores were exhausted, or 
until some rich find at another locality caused them to swarm to that 
neighborhood. 

Though the undeveloped condition of the country was to a great 
extent the cause of these primitive methods of working, the system 
of land tenure also contributed to that end, as was recognized and 
protested against by Austin [ /, vjl. ui, pp. 609-613 ] and others dur- 
ing these early years. 

Under the Spanish rule, four acres of land had been '^ granted *' to 
all discoverers, and elsewhere on public lands all were allowed to work 
free from any tax. At first, under the American regime, little attention 
was paid to the mining rights, and a chaotic condition arose as to the 
possession of titles of lead lands. To remedy this, Congress passed a 
law, in 1807, reserving all lead lands, salt springs, etc., and authorizing 
the Governor of the territory to grant three-year leases to discoverers, 
who were also required to pay a certain royalty. The reservations 
were made from reports of the Land office surveyers, and, as these 
traversed only certain lines, the results were necessarily imperfect. 
The duty of leasing was attached to the office of Recorder of Land 
Titles at St. Louis. The rent charged was generally one-tenth of the 
ore raised. In 1811, 300 acres of land were thus leased near the Old 
Mines for a period of 12 months ; in 1814 Mine a Straddle and six other 

* la 1811 BrAokearldge aUows 850 handa employed in the mines alone, while la 1819 Schoolcraft 
places the namber at 1130, iaclaliag blacksmiths, teamsters, smslters, etc. 
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mioes, covering in all 3300 acres, were leased to AmableParlenay. The 
periods of the leases varied from 13 moatba to 3 years, and the rents 
were varionaly, $3, $3i and *4 per 1000 lbs. [ ;, vol. ir, pp. nSG, 5J.7 J. 

There was very little return from this system, as few wonld trouble 
to take out a lease, since there was no special agent to euforop its con- 
ditions, and to protect the lessee. Moreover, the maximum length of 
term of 3 years was so short that a mine could not be well opened 
during that period, and no individual or company would expend large 
sums in sinking shafts or making other improvements when there was 
a chance that, after the end of three years, the product of these labors 
wonld fail into the hands of another. Rules were gradually established 
by custom which were more regarded. According lo these a person was 
allowed to claim the gronnd for 25 ft. in every direction from the point 
at which his discovery was made, while others were allowed 12 ft. 
square in which to sink pits over the adjacent ground. This they were 
allowed to hold uutil they abandoned the work. 

The price of lead at the mines during this period was about 4 cents 
a ponnd, and the digger received about 2 cents and worked independ- 
ently. The cost of transmitting 1000 pounds to Philadelphia in 1816 
was estimated by J. R. Jones [ 1, vol. Hi, p. 00-7 | as aggregating ^trSS.lS. 
Inasmuch as the price of lead iu 1SI9 was only B cents in Philadelphia, 
and 5} cents in Kew Orleans, while the price of 4 cents at the mines 
remained the same, it would seem that Mr. Jones' estimate muet be 
excessive. 

1830 TO 1830. 

The data relating to the lead mining of the next 10 years are not 
very abundant ; bat. from the best we can gather, it appears that the 
industry hardly more than maintained the rate of production of the 
preceding years. Notwithstanding the fact that |Schoo]craft, iu the 
report already cited, had written quite glowingly of its prospects, had 
recommended a number of important improvements, and had ventured 
a prediction that larger qnantittes of ore were yet to be found at 
depths, the same systems of mining and smelting continued for a num- 
ber of years ; no deep shafts were sunk or large operations undertaken. 
A great number of new discoveries were made, it is true, and eome of 
these were of importance ; but, as the extraction of ore was princi- 
pally from shallow diggings, tbe newly opened deposits were eoon 
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ezhaasted of their surface ores. Hence, the prodaction did not increase 
very mnch, despite the number of new openingfs, until the last half of 
the decade, when a strong advance is noticeable. This was doubtless 
largely due to the fact that, in 1824, the import duty on lead was raised 
from 1 ct. to 2 cts., which, together with the increase of the demand 
for lead in Europe, caused in Missouri a rise in the price from 4 to 6^ 
cts.; in 1825 it had fallen again to 5i cts. 

In 1820, deposits of lead ore were found in southern Cole county. 
In 1824, the Sandy mines [S2,p. 681 \, in Jefferson county, were dis- 
covered, about 5 miles NE. of Hillsborough, and soon became large 
producers. In the same year the well-known Yalle mine deposits were 
discovered by Joseph Schntz [2W, pt. iijp. 33], It is located about 
7 miles NE. of Bonne Terre, in St. Francois county, near the line of 
Jefferson county. This mine produced in the first 5 years of its ope- 
rations about 1000 tons of lead. Bisch's mine, in the same neighbor- 
hood, at the present Silver Springs station, was discovered about 1825, 
and soon produced at the rate of 100 tons of lead per year. The Perry 
mines, adjoining, were discovered a little later. 

About this time, excavations were also made on Plattin creek, in 
Jefferson county, at the site of the McOormick mines, a little south of 
the present postoffice of Plattin [ 33, p. 310 ]. In Perry county, the Wil- 
kinson diggings were opened in 1827, by Wilkinson, Brown and Pratte, 
and were worked up to the latter part of 1828, and then abandoned, 
having produced about 20 tons of ore. The Nashville mines, in Jef- 
ferson county, close to Frumet, were opened in 1827, and yielded small 
amounts of ore. It is interesting in passing also to note the extenrion 
of mining into Franklin county at this time, where, according to Lit* 
ton [210, pLii^p. 27]^ a small amount of ore wan dug and smehed in 
the years 1827 to '28, on the School lands, in township 42 5^ 1 W. 

Along with the operations of these newly discovered depwu. the 
old and louger opened mines also continued work. Is IttSSLa^eDts 
George Bullitt and T. Qnarles, in their report to tbeCwmmoamm^tr^the 
Government Land office, describe briefly the miwm M lioA ^imt ope* 
rating, and include a notice of the natare of Mut Aifiwfn aftd of Xhn 
methods of working and smelting the ores \LiP^mL f^^'^j. Miue 
La Motte, they write of as in operation luid mpfiymi i teadieea. At 
the time of writing, 50 hands were enpLsjoC nrf Ite jnwlartjujj fr/r 
the preceding 3 years had been aboot dW Vmm ## 
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In this report, we find also a deacription of tfae Flat river minesT 
wbich are divided into five groups of dig^iugs. The mines of tbe first 
group are termed the Flat minee, on Flat river, 2* miles above its 
luoutb, and conHequeiitly represented by the old diggings now found 
east of the present Taylor shaft and below Flat river station. These 
are described as having been very profitable, but, at tbe time, were 
employing only aboat 15 men. In the aeoond gronp is Mine a Joe, 
already referred to and located. The ore is described as occarring in 
veins between rocks, separated from 5 lo SO feet, with ^.-S. courses. 
Large (juantities of ore had been raised here, but "rock water" was 
encountered at depths of from 20 to 30 ft,, and interfered with the 
esteneioD of the work. Only fonr bands were employed there at the 
time. Tbe third group is at tbe Gumbo mines, aboat half a mile N.VV. 
of Mine a Joe, These were worked a little from 1820 to '21, but were 
abandoned in 1823 and thought to be eshausted. Tbe fourth group of 
diggings was called the Yankee diggings, discovered a few years back. 
They had been very productive. They were located about 2 miles 
NW. of the Gumbo mines. Twenty-eight "intruders," or miners with- 
out lease, were working there at the time. The improvements of 
these mines were considered the best of any on Flat river, but tbey 
consisted merely of a few huts for the miners to live in. The laat 
group of Flat river diggings was the McKee mines, in the same neigh- 
borhood, but they are not specially described. Tbe tolal production 
of these mines for 182.3 is estimated to have been 200 tons of lead, and 
tbe number of men employed is placed between 50 and 1000. A de- 
scription is given of the location of the mines and of the surrounding 
country, and reference is made to the good roads connecting the works 
with Ste. Genevieve and Hereulaneum. Other mines operating at that 
time are mentioned, including Mine a Burton, Kobino, Coiirtois, New 
Diggings, Valle and La Clare. The last are described as in township 
36 N., 3 E,, near |the dividing line between it and township 37 N.. and 
consequently in Washington coanty, a few miles H,W, of the present 
town of Hopewell. The production of all these mines described in 
this report in 1823 was between 400 and 4G0 tons of lead, and tbey 
gave employment to between 150 and 275 men. The total amount pro- 
duced in Washington and St, Francois counties for 1823, is placed at 
2500 tons of lead. 

In 1823, the mines at Hazel Run ceased work, and very little was 
done there for many years afterward. 
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Some progress seems to have been made in the smeltiDg of ores 
during this period. In Balletl's and Quarles' report, above cited, the 
yield of lead froJi some farnaces is stated to have been as mach as 
70%, though the general jield of the ores was estimated at about 
60%. Lieutenant Thomas [ i, vol. iv, p. 557 ], however, writing in 1826, 
characterizes the methods as wasteful, consuming large quantities of 
fuel, and as yielding on an average only about 62%. The same old log 
furnaces were used, and were most poorly constructed. The smelters 
paid the miners 800 pounds of lead for each ton of ore delivered. The 
cost of smelting at this time, as estimated in Thomas' report, was about 
$4.00 per ton of ore, so that the smelters made a profit of about $11.00 
on each ton. On the other hand, the miners made at times as much as 
$15.00 per day, though Schoolcraft states $2.25 a day is a fair average 
of the amount a miner could make throughout the year. Thomas 
allowed only $1.00 a day on an average. 

About 1827, according to Broadhead [32 pp. IS and 3S0 ], the first 
furnace was erected in Cole county, near Pratt's mill, by Mr. Ohouteau 
of St. Louis. In 1828, Mr. George Grosswell began smelting at Fourche 
a Renault, about a mile north of the postoffice of that name [216^ pt. ii, 
p. 60 ]. 

The manufacture of lead also continued, and shot-towers were in 
operation at Herculaneum and at other points on the Mississippi bluffs. 
The lead was still hauled in carts and wagons to Ste. Genevieve, Her- 
culaneum, and, during the last half of the period, to Selma also. 
The length of these hauls was great, and the traffic so heavy that the 
roads got into a very bad condition — such, that Lieutenant Thomas 
urged the construction by the government of a road from Potosi to the 
Mississippi river. 

The total number of people employed during this decade is difficult 
to estimate. In the years 1824-25, Thomas pUces the number, all told, 
at 2000 employed half their time, part being given to farming. These 
were largely negro slaves. He also states that the number of mines 
had more than doubled since 1816, and was growing daily. 

The method of working the mines remained essentially the same. 
This is attributed by Thomas to three principal causes: 1) the ab- 
sence of capital and skilled labor; 2) the scarcity of labor; 3) the 
ease with which ore could be obtained near the surface. 

Up to the year 1824, the same looseness, regarding the leasing and 
control of lead la^d, that had prevailed in the past, continued. In that 
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year, Lieut. Martin Thomaa, above referred to, was appointed U. 8. 
Superintendent of mines for Missouri and the West generally, with 
authority to report land for reservation, to enforce the conditions of 
the lease, and to protect the lessee. He appears to have entered 
energetically upon the discharge of his duties. Up to this time very 
few leases had been taken out; but, in 1825, he reports that 34 new 
ones had been taken without any reduction from the 10% royalty pre- 
viously prevailing. At this time, he estimated that the lands under 
reservation amounted to 150,000 acres. Of this there were leased only 
9000. The entire mining district he described as an area about 50 
miles square, with Potosi as the center. The reservations were at that 
time principally about Potosi. For the year 1825, he estimated the 
production of the state to be 2100 tons of lead [ i, vol. iv, p. 557 ]. 

Lieutenant Thomas defends the system of reserving and leasing 
lands as geueroas to the miners, as guarding the resources of the 
country, and as preventing the monopolizing by foreign capitalists of 
all of the valuable land. Notwithstanding his activity, however, tres- 
passers and intruders continued to thrive, and, in September 1826, he 
recommended as probably beneficial, that leases for larger tracts than 
320 acres be given ; this seems to have been the limit up to that time 
[/, vol, iv^p 801], 

In 1827, it appears from the Inspector's report [1, vol v,p. J], that 
the product of the leased lead mines did not increase. This was 
attributed in part to the diversion of mining to the upper Mississippi 
river lead region, which was beginning to acquire importance, and also 
to the fact that the ore was being exhausted near the surface, though 
the existence of veins in the rocks had incidentally been proven. But 
undoubtedly the principal reason why the government's income did 
not increase, was the inability of the inspector to prevent the unlawful 
mining on public land. Up to this time, only about 135 tons of lead 
had been collected as royalty for the past three years [i, vol v, p. 144]. 
On this account, Lieutenant Thomas was finally led to recommend the 
sale of these lands. He argued, at the same time, that while attention 
was concentrated on the rich ^deposits of the upper Mississippi, the 
Missouri lands could be sold without danger of their being monopo- 
lized. The sale of these lands was also favorably recommended by a 
congressional committee in January, 1828, and again it was urged through 
a memorial of the State legislature in January, 1829. Congress was 
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however, slow to act in the matter, and it was many years before the 
desired result was brought about. 

1830 TO 1850. 

The next score of years, up to 1850, was a period of greatly en- 
larged production. It is also noteworthy as one during which active 
mining was extended into other portions of the state, beyond the 
narrow limits of operations heretofore. Thus, the Golconda mine de- 
posits in Franklin county were discovered in 1830, and mining on a 
small scale began at once. The Virginia mine, in the same county, 
was discovered in 1834, by Bartlett Brundage [ 216^ pt. u', p. 22 ], and 
attracted much attention. Between 200 and 300 miners were em- 
ployed there during the first year. 

About 1843, lead was discovered at Oole Camp, in Benton county, 
but work was not begun until 1848^ and only on a smill scale [32^ p, 
529 ]. In Morgan county, shafts were sunk on Wyao, Trigg and Bry- 
ant's land, in Sec. 10, 43 1^., 18 W., about 1839, and work had been 
done in 1837 by some German miners, in Sec. 2S, 42 N., 18 W. \3S^ 
pp. 152, 158 ]. In Moniteau county, the High Point mine was discov- 
ered in 1841. In Cole county, the Old Circle diggings were first 
worked in 1840 [32, p.01\. In Cooper county, the old Scott mines, 
on LaMine river, were opened in 1844 [32^ p. 526]. In Crawford 
county, the Mineral Hill mines were known in 1837 [33^ p. 251 1, and 
the Halbert diggings were opened in 1844. 

In southwestern Missouri, according to one report, mining of lead 
was begun in 1848, two miles B. of Joplin, by William Tingle ; while the 
first discovery of lead within the limits of Joplin, according to the 
same report, was by Daniel Campbell in 1849. 

Within the old mining area of southeastern Missouri, a few discov- 
eries are recorded. These are How's diggings, in 1840, in Jefferson 
county, about 5 miles southeast of Rush Towqt[33, pp. 310, 311]] 
Frissel mines in 1842, in this county, about 3 miles northwest of Frumet; 
the Mammoth mines [ 21G, pt. it, p. 31 ] in 1843, in the same county, 
about 6 miles southwest from DeSoto, which were the scene of very 
large operations in the immediately following years; the Avon, in Ste. 
Genevieve county, in 1848, producing some 8 tons in that year. 

In addition to these, there were other deposits discovered during 
this period, especially in Franklin county; for we know of such having 
been worked before 1850, though the exact date of discovery has not 
been obtained. Of such there are cited by Litton [ 216, pt. tt, pp. 17-28 ] 
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the Cove, Short, Evans, Mt. Hope, Darby and others, all in Frsnkliii 
county, 

In Washington, iltH'eison, 8t. Francois and Madisou counties, new- 
discoveries most also have been made, and many of the old mines con- 
tinued actively at work. A detailed notice of their operations and 
prodnciioDs will not be attempted here, rb such matter will be included 
in the slatistical tables and desciiptions of mines iu sobsequent parts 
of this report ; a few of the more important instances will, however, 
be referred to. Thus, in 1831, it is estimated that 200 persons were in 
employ at the Fourchea ConrtoiB mines in Washington county. In 
1834, Featherstonhaugb [56', p. .Jf.' ] describes the "Taplit and Perry" 
shaft, in operation 1 or 5 miles from the Valle mine*. The YnIIe and 
Perry mines, iu St. Francois county, were constant and large pro- 
ducers, as was Bisch's mine also, though the last was not so regular in 
its operations. In Jetl'erson county, the Saudy mines were operating 
in 1832 and during subsequent years, while Lee's diggings, south of the 
Mammoth mines, were being worked in 1836. Mine LaMotte, iu Madi- 
son, coanly was vigorously worked. In ISS8 the value of cernssite or 
"dry bone" is reported to have been first recognized [Ii7, p. -ji"], and 
gave rise to the erection of new furnaces and an increase of productt. 
In Washington county, operations were conducted at Old mines and at 
Shibboleth, though on a small scale daring the latter years ; also at 
Bellefontaiue, 3 miles 15. of Old mines, at Cannon's, Bart's, New Dig- 
gings, Casey and Clancy's, Shore's, LalJeaume's, French Diggings and 
other points enumerated by Liltou [ .2J'.', pt. it, pp. .'fl-5.', ], 

The progress in smelting during these 20 years was most note- 
worthy, both as regards the improvements of furnaces and methods 
of work, as well as the increase iu tbeir number. At (he beginning, iu 
1830, the old log and ash furnaces were in general nse, and continued so 
until about 1836. In that year, a Scotch hearth was erected at Web- 
ster, in Washington county, by Maj. Manning [ J/''',p(. ii,p. 59]. This 
is the first we can find definite mention of (fhongh Schoolcraft refers 
in 1819 to what was perhaps a Scotch hearth [ ^T/.!, p. j:' j ), and its erec- 
tion marks an epoch in lead smelling in the state. As illustrating the 
number and distribution of furnaces, we include the following notes, 
gathered principally from Dr. Litton's report: 
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Id Washington county, aboat 1830, the Boase farnace was in op- 
eration on Mill creek, and continued during the whole 20 years, a Scotch 
hearth being introduced about 1840. In 1831, a log and ash furnace was 
in operation at Webster, and the Scotch hearth was used after 1836. 
Mr. Evans' furnace at Hopewell started about 1836, and work contin- 
ued there throughout the period ; both Scotch hearth and log fumaces^ 
were run. At Old Mines, smelting was in progress since the beginning 
of mining there. About 1838, a double Scotch hearth was erected 
there, which produced constantly after that. The Walton furnace, 
smelting Fourche a Gourtois ores, began about 1840, and continued 
from then on. GreswelPs furnace operated in Gold Spring hollow until 
1837 ; it then moved about one mile north of Fourche a Renault post- 
office, and work was continued with a Scotch hearth uninterruptedly. 
Higginbotham's furnace, near the present Fertile postoffice, was in op- 
eration from 1837 on; the plant consisted of the old log and ash fur- 
naces, and these were retained for years after 1850. Dunklin's (later 
Mcllvaine's), about one mile S. W. of Potosi, was a Scotch hearth and 
was in operation after the year 1842. Deane's furnace, near Potosi» 
was also a Scotch hearth, and was in operation from early in the for- 
ties on. At Rich woods, at least two furnaces were run during the last 
seven years of the period. Murphrey's furnace, one mile S. E. of the 
present Gruise postoffice, was a Scotch hearth, built about 1848. Ken- 
nett's furnace at Shibboleth was built in the same year, and Gasey and 
Glance's about the same time. 

In St. Francois county, furnaces were in active operation at the 
Valle, Pel ry and Bisch mines during most of the time they were 
worked, and large amounts of lead were produced. In Madison county, 
smelting was prosecuted continuously at Mine La Motte. From 1838 
to 1850, 5 smelting furnaces and 2 ash furnaces were in operation,, 
and an additional one between the years 1840 and '47 [ i^7, jp. 48], 
In 1842, J. T. Hodge writes that there were 9 " blast " ( Scotch hearths ) 
furnaces on the tract, and that 5 more would be built in a few months ;: 
in addition, there were 2 cupolas and I reverberatory, 4 steam 
engines and 1 water wheel [107,p, 64\. In Franklin county, an ash 
furnace was erected at the Peninsular mine in 1838. Smelting in the 
Virginia mine was begun about 1835, immediately after its discovery,, 
and was also conducted at other mines in the county. In Gamden 
county, a furnace was erected in 1846, which Broadhead speaks of as- 
probably the first in western Missouri [S^^p, 14]» 
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As indicfttire of the amounta prodaced by these farnaoes, Dr. 
Litton g^ives a large namber of figures carefully collected by him 
I SIC. pt. ii, p '>-i\. From lliese it is seen that the total fiirnaoe pro- 
duct of Fraulclin, St. Francois an<l Washington counties for the yeara 
1811 to '49, inclusive, was nearly 10,t)()0 tous of lead. 

Along with this growth of and iiuproremeiit iu the methods of 
smelting, mining operations grew larger and important appliances were 
introdnced. Deep shafting was undertaken. Featberstonhangh found 
a shaft at the Taplet and Perry mine 1 10 ft. deep iu 1S34 ; at the Vir- 
ginia mine a sbaft reached a depth of 260 ft. Steam for hoisting and 
pumping was iu nse at the latter and at Mine La Motte in 1844, and with- 
out donbt, was employed at other mines. Much crude work continued 
also, however. Yet, despite thp fact that the price of lead fell iu the 
early forties to about 3 cts. ptr lb., the production continued large and 
growing, as is shown in the table of chapter XIU of this report. 

Data are not at band from which we can estimate the number of 
men employed during this period, but it must have been iu proportion 
to the general increase of mining operations. 

The ore was 'still hauled in wagons to the Mississippi river points, 
and then shipped by boats to various markets. Ste, Genevieve, Her- 
oalaneum and Selma were, iu the first years after 18.30, points of large 
shipments; but in the latter years of the period. Rush Tower, Plattin 
Bock, and also Salt Point and St. Maryc>, were reached. 

SI. Louis, New Orleans, New York, Boston and other eastern cities 
were the ultimate destinations of the great bulk of the lead; between 
1840 and 1818 considerable quantities were exported to Europe, th© 
largest shipments being in 1814, aud aggregating 8223 tons. 

During the early years the sauiesystem of leasing continned. Thia 
had also applied to the npper Mississippi region in Wisconsin; but, 
after 1834, according to Whitney | -'-f J p, 4"-' ], in consequence of 
the immense number of illegal entries, the smellers and miners re- 
fused to make any further payments, and the government was unable 
to collect any more rents. In 1847, the government yielded and de- 
cided to offer the lauds for sale. 

In 1837, an establishment was erected in St. Louis for the mannfao- , 
ture of white lead, by Beed & Hotfiuan. After a short period the plant 
passed into the hands of Ohariess & Blow, from which time we date 
the founding of the Collier White Lead aud Oil Co., through the enter- 
prise of Henry T. Blow. The demands for the paint were small, how- 
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ever, and the aDnual prodact previoas to 1850 did not exceed 500 tons. 
SooD after 1840, Mr. William Glaegrow, Jr., erected works for the mana- 
factare of white lead, by the Datch process, in St. Loais. Operations 
lasted only some 5 years, however, for the works were destroyed by 
fire between 1840 and 1850. Small white lead works were also erected 
in St. Louis by Bacon & Hyde. Daring this decade the white lead in- 
dustry of the United States grew rapidly, and works were erected in 
New York, Massachusetts, Pennsylvania and Ohio, and became import- 
ant consumers of the western lead product [ m^ pp. S26-328 ]. 

Incidentally worthy of note, as of great future importance to Mis- 
souri, is the fact that during this term of years, in 1845, the manufac- 
ture of zinc white was suggested by Le Glare in France. 

1850 TO 1860. 

The salient features of this next decade is the inauguration of the 
mining industry of southwest Missouri. As already noted, lead ore 
was known to exist 'in this region early in the century, and had been 
discovered in Jasper county, at Leadville, in 1848 ; while farther discov- 
eries at Joplin were made during the following year. - About 1851, min- 
ing was begun on Center creek, near what was later called Minersville, 
and what is now Oronogo. Up to 1854, these deposits had yielded only 
200 tons of galena; but in that year alone they produced as much again. 
In 1854, Swallow f 210 pt i p. 160] describes the Mineral Point, Mosley 
and other mines on Turkey creek, as in operation. They were known 
collectively as the Turkey Greek mines, and were situated a little 
northeast of Joplin. They were producing then several hundred tons 
a year. ^ 

In the adjoining county of Newton, discoveries were also made, 
and the developments there in these early years were greater than in 
Jasper county. In 1850, the Prairie diggings, one mile south of Granby^ 
were started [-12^ p, 488\. In the same year, Mosley and Oldham are 
said to have raised 50 tons of ore on Shoal creek, five miles northwest 
of Neosho. In 1854, Swallow writes [210 p. 36]^ that there was not a 
cabin at Granby, and only one shaft had been sunk. Up to that time 
the total production of Jasper and Newton counties was 862 tons of 
lead. This had been produced mostly from galena, though some car- 
bonate was smelted. The zinc ore was all thrown aside. By 1857, 
however, mining was actively under way at Granby, and in 1858, Swal- 
low estimates that probably 4000 tons of lead had been produced to 
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date, and, from Febraary to September of that year, Blow and KeoQetl^s 
farnace at Granhy had smelted about 800 tons. Between the years 
ISul and 18tiO, it is estimated that some 300 shitfte were pnt down at 
varioua diggiag^ in and abont G-ranby, besides many more at other 
plaices in the connty. 

Along with this development of these two connties, mining was 
also iu progress in other parts of the southwest, About 1S36, Shnmard 
[JJ, p. ~'W| notes that small quantities of lead were mined in Wright 
county and considerable quantities in Webster county [W, p. Jl"]. In 
Chriatiao connty (then a part of Taoey, Webster and Greene connties), 
there were also quite a number of diggings. Of these, Price and Bray's, 
located a few miles northeast of the present town of Chadwick, near 
the present Hornbeak mines, were the largest. They had yielded, up 
to June 1857, 85 tons of ore. Lirge qnantities of ore were reported 
to have been discovered in other parts of the county. 

Swallow, in his I'aci&c Railway Report, gives an exhanstire list of 
all lead mines or occurrences of ore known in 1858, in the coantiee 
tributary to that railway. From that list we have prepared the fol- 
lowing eammary : 



Chrlatl&n county— total So. localities. 
Greene " •' ■■ 



B worbeJ B 



Barry " " " ] " " 

NewtDD •■ " '■ ai " '• S 

Jspper " " " 14 " " 1 

Wtlgbt " ■■ " 5 '■ " 6 

es 17 

In the central portion of the stale also, some little work was done 
daring this decade. The White diggings, in Benton county, were 
opened in ISHi. In Maries and Osage counties, small amounts of lead 
bad^been dug before 1856. In Morgan and Miller counlies, also, work 
was done before 1855 [■13. pp. ,V, 34 ]■ In Monitean connty, lead mines 
had been opened by 1854 on Dixon's, English's, Powell's, Kelly's and 
Hart's land ; in Cooper county, the Scoft mine on the LaMiae river 
had been operated. In Palaski and Phelps counties, ores were dis- 
covered and mined in small quantities by 1850. 

In the now comparatively old mining region of the southeast, opera- 
tions continued nninierruptedly. In Waehington and Jefferson conn- 
ties, abont all the mines referred to as operating between 184U and 
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1850 coQtinaed at least daring: the sacceeding 5 yeara, and the Yalle 
mine increased its rate of production to over 500 tons of lead in 1858. 
The same may be said of the mines of Franklin county, and, in addition, 
the Elliot mine was discovered there in 1853, and the Oaswell in 1855. 

At Mine La Motte, however, comparatively little work was done, 
on account of litigation. In 1852, Whitney states that not over 50 or 
100 tons were being produced, and not more than 20 men were em- 
ployed. In 8te. Genevieve county, the Avon mines were operated up 
to 1850, with a small production. In Perry county, the Wilkinson dig- 
gings were worked in 1856. They are situated about 5 miles west of 
Silver lake. The Horn diggings were also in operation about this 
time, situated about 5 miles north of the same place. 

In 1851, the Williams mine, in Crawford county, about 5 miles east 
of the town of Bourbon, was opened, and was very profitably worked 
during subsequent years. At a number of other points in this county, 
mining on a small scale was also in progress during these 10 years. 

According to Mr. Eichard Payne, of Ironton, it was in 1855 that a 
man by the name of Beaugholtz entered the land containing the ore 
deposits of the Einstein mine in Madison county. It was afterward 
prospected by him and a man named Lloyd, and later sold to Messrs. 
Knox and Einstein. According to a prospectus of a company con- 
trolling this property, a German miner by the name of Hoeniger sank 
a shaft here in 1859. 

Swallow's list of mines in the country tributary to the Pacific rail- 
way includes also those of southeastern Missouri. From this list we 
have prepared the following summary relating to 1858 : 

JeffersoD couoty— total No. looalltles, 42 Mines operated 2 



WashiQgton 

Franklin 

Crawford 

Phelps 

Maries 

Laclede 






44 ** 21 

27 '* 16 

33 " 13 



i 4 t i Q it 



1 '' 1 

156 G3 

Notwithstanding these facts of development, the appearance of 
mines in southeastern Missouri was such that so competent an observer 
as Prof. J. D. Whitney, in describing the mines of Missouri in 1854, says 
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" All these mines have aow falleo off very maoh, and most of tbem are cotn- 
pletel; eihaDited. bo that bat lEttle iaformatton can be Kithered reepectin; tbem, 
eveDbytravellnft tbroDgh tbe region... .The lead deposits ol HtMoari.onthe wbole, 
itrlhlngly reaecable tboBe of the Upper Hlssigslppl. and the satne tbeoreilcal ob- 
servations In regard to the occarrence of tbe ore w\\\ apply to botb Aa tbey have 
been considerably longer worked in the former sttte. tber are aow nearer to ex- 
faaastlon. and there is little reason to believe that tbej will ever regain the Impor- 
tance which tbey once bad." 

The failare of thia prediction to materialize need not be empha- 
aized here. Ae abnudaut refutatlou, we Himply refer to the tablee of 
production given in tbe sncceediag pages. The canse of this predic- 
tion, we aesigii to inadequate knowledge of the conntry and of the 
nature and extent of the developments. 'So mention is made by Whit- 
ney of the then badding indastry of southwestern Missouri. The 
premisea seem to bave been only brief papers by Hodge and Obristy, 
and a short personal examination of some mines in the southeastern 
counties. 

The field of smelting in the state expanded with the development 
of mining, and was actively pursued in both the Southeast and Sontfa* 
west daring this decade. On the first discoveries in Jasper and New- 
ton counties, the old methods of log heap and log furnace smelting 
were reaorled to. Thus, the first lead ore treated iu Newton county 
waa in a rnde log furnace, by A. Spurgeon and others, in the years 1850 
to '51. The ore was raiaed on Spnrgeou's prairie, in this county. Other 
furnaces like this were also in nse [ -Jlo^/it i. p J(iJ\. These were, 
however, only initiatory expedients and Scotch hearths ( somelimeB 
erroneously called blast furnaces ) soon superseded them. 

The first Scotch hearth in tbe sonthwest was built in 1851, and 
started early tn 1852. It was construcled by G. W. Moaely & Co., and 
was eilnated in Newton county, near tbe mouth of (Jedar creek, about 
6 miles northwest of Neosho. The ore smelted was from the Mosely 
mine and from Oliver's prairie, In Newton county, and from Center 
creek and Turkey creek, in Jasper county. In 185 J, the Flarklerode 
furnace was built on Center creek, about 5 miles north of Jopliu. Ore 
from botb Jasper and Newton counties waa smelted here. The total 
amount of lead then produced by log furnaces and Scotch bearthe, 
between 3850 and 1854, is estimated by Swallow to have been 776 
tons. 
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These furnaces seem to have been the principal producers of 
southwestern Missouri during the first few years. New discoveries 
and extensive developments soon led to the erection of others, how- 
ever. The most noteworthy of these were at Granby, where Kennett 
& Blow, in 1856, erected 6 Scotch hearths. Six other hearths were 
built and operated by other parties. This marks the period when min- 
ing in Newton county can be said to have begun to flouiish. The pro- 
duction of Granby rapidly rose to 4000 tons of lead per year [ J2, p, 
488 [. In Christian county, the furnace owned by Messrs. Price & Bray, 
on Ball creek, was also in operation in 1857. In the southeast, smelt- 
ing was actively conducted along with the mining. Almost all of the 
farnaces described in the preceding pages as active in the years before 
1850, are described by Litton as large producers during the succeeding 
four years [ <^lfK pt. Hy pp. ^^8-fJJ ]. In Madison county, litigation at 
Mine LaMotte diminished the furnace yields along with the output of 
the mine. 

In 1858, Swallow gives a list of 34 furnaces, distributed as shown 
in the following table, in 7 different counties [2W,pp. 6'J, 66' J : 

Washington county No. of furnaces 14 

Franklin 

Jefferson 

Crawford 

Christian 

Newton ' ' 

Jasper 



4 i 



• 4 



4 
3 
1 
1 
9 
2 



34 

Two of the above list are stated to have been log furnaces, 16 are 
classed as Scotch hearths, and 11 are not exactly classified, but were, 
without doubt, also Scotch hearths. The blast for these hearths was 
supplied by water, horse or steam power. 

Statistics do not exist from which one can determine the number 
of men employed in mining and connected occupations during this 
period, but it must have been proportional to the increased production. 
Though, perhaps, the number was not much larger in southeastern Mis- 
souri, the developments in the southwest must have made a material ad- 
dition. Thus, in 1858, Swallow states that over I'OO men were employed 
by Blow & Price, in mining and smelting, at Granby, while a much larger 
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number were engaged iu other shafts iu tbat Tioinily. The miner was 
generally paid $IG per 1000 lbs. of ore, and had to pay abont t'2 per 
Ion royalty. 

The lead of the southwest was hanled long distances in wagons to 
the markets, or to river points. Some went as far north as Boon- 
ville, on the Missouri river, and a large amount was hanled to Linn 
Creek, on the Osage river, while anotUer large portion was hanled to 
Fort Smith, on the Arkansas river, and then transferred by boat to 
New Orleans, St. Lonis and oilier markets. Swallow stales that the 
asnal coat of trausporlation from the furnace to St. Louis, at this time, 
was $1.35 per 100 lbs. Il is true that in 1855 work on the present St. 
Lonis & San Francisco railway, then known as the Sonthwestem 
branch of the Pacific railway, was begun; but ouly 18 miles were con- 
Btmoted by 1858, and by 1860 it reached only as far as Holla, and wan 
thus of little service to the mining interests of the southwest. 

Id the sontbeast, lead was baaled during most of this period to 
the old Mississippi shipping points, but in 1853 the construction of the 
Iron Mounlain railway was begun from St. Louis, and though it pro- 
gressed but slowly, yet it reached Pilot Knob by 1858, and thus, for 
several years preoeding, was a more accessible Hue of transportation- 

The price of lead during these 10 years was somewhat variable. 
In 1850, it was $4.60 per 100 lbs. ; it rose with fluctuations to $6.19 in 1854, 
and declined with ducLuatioiis to $5.25 iu 1860. As a fact of iutereat 
to the lead industry, it is to be noted that tbe St. Louis shot-tower 
was also in operation during the latter part of thi.^ decade. 

The existence of zinc ores in the southeast was well known long 
before this time, as already stated, and Swallow refers to it specifically 
in the sonthwest, and predicts its future value. In New Jersey, the 
manufacture of zinc white was beguu as early as 18G0, and in Wiscon- 
sin steps were taken about 1850 looking to the ulilizalion of the zinc 
ores there. Yet, surprising to say, nothing was yet done in Missouri, 
and the zinc ores coutiuned to lie unused ou the dump-piles. 
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1860 TO 1870. 

The lead-mining industry was, apparently, jast entering upon an 
era of great prosperity when it, along with the other enterprises of the 
country, was prostrated by the civil war. In the southwest, mining 
was practically stopped entirely at times, that region being so far from, 
and difficult of access to, the markets and centers of consumption ; 
though the Granby mines and furnaces were worked alternately by the 
Confederate and Federal forces. In the southeast, this was not so 
much the case, as the mines were more accessible, and became thus 
important producers of lead for war purposes. It is true that the 
United States government destroyed the Mine La Motte furnaces in 
1861, but they were soon rebuilt, and, during the four years of 1861 to 
1861, over 3500 tons of lead were produced; while, by 1869, with the 
discovery of the Jack diggings, the production rose to 2188 tons in 
that year alone. The Yalle mines were also producers during this pe- 
riod, though at a diminished rate from the productions of the immedi- 
ately preceding years. The Darby mines, in Jefferson county, and 
other mines of the surrounding country, were also operated to some 
extent. 

This decrease of production, combined with the great consumption 
of lead during the war, had an immediate effect upon prices. At the 
beginning, in 1860, lead was quoted in St. Louis at 5.25 cts. per pound ; 
in 1862, it had risen to 6.50 ; in 1863, to 8.62}, and in 1864, it rose to 
12.80. In 1865, it was as high as 10 cts., and by 1870 had only fallen to 
7.25 cts. Therefore, with the cessation of the war, mining was resumed 
vigorously. One of the first events of importance was the organiza* 
tion of the St. Joseph Lead company in 1864, at the present town of 
Bonne Terre. A full account of these mines will be given later in the 
descriptive part of this report. This company purchased the mines 
known as the La Grave mines, adjacent to the old Pratt mines, which 
have been previously referred to.* Active operations began in the fol- 
lowing year, but the production did not exceed 240 tons annually [i^^^, 
p. 12\ A steam plant was erected here, and numerous furnaces for 
smelting the ore; also rock-crushers and rolls for crushing the lime- 
stone containing the disseminated galena. 



• Mr. FranciB La Grave informs qb that the first owner of the Bonne Terre mines waa a Mr. 
Aabachon. who Uvei daring the early part of the century. He transferred the property to one of 
the Valle family. Mr. Anthony La Grave then acqalred possession of It through his wife, who was 
a Valle, about the year 1893. 
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In 1865, Henry T. Blow obtained a lease of the Granby mine, and 
started mininjir vi/^orously at once, Aboat this time, a few other mines 
in adjoining connties resumed work. The St. Louis & San Francisco 
railway, which stopped at Eolla for a namber of years after 1860, was 
pnshed forward again daring this decade, reaching Lebanon in 1869and 
Springfield in 1S70. This was in itself a strong incentive to the devel- 
opment of mines in the whole of soathwestern Miseoari. 

In the central counties of the State, the beginning of active min- 
ing may also be considered to date from the last years of this perio.d. 
In Benton, Hickory and Camden counties, mines were opened. Most 
of the lead mining in Miller county began in 1S69. In Morgan county, 
Clarke & Bond's furnaces were built in 18fi7, and O'Brien's in 1869. 
Thus, though the mining industry was largely suspended during the 
time of the war, it was not by aay means permanently paralyzed, and, 
with the cessation of hostilities, work was resumed with accumulated 
energy. 

Scotch hearths continued in general use, though at Bonne Terre 
and other points in the southeast, a form of reverberatory farnaod 
was also used to smelt the cleaned ore as it was delivered from the 
crude hand-jigs, such as were then universally used, Suchjiga even 
to this day are quite commonly seen in both the Southwestern and 
Southeastern mining districts. 

An event of great importance to the Southeastern district was 
the introduction of the Diamond drill by the St. Joseph Lead Co. in 
1869. It was put in operation at Bonne Terre in that year by Mr. 
Albert Shepsrd, who has remained there ever since as an employe of 
the company. It resulted almost at once in the discovery of dissemi- 
nated ore at a depth of aboat !30 ft.., and inaugurated the under ground 
rock mining of these ores in the southeast [!~0,/>. 17]. Since that 
time the Diamond drill has played an important part in the develop- 
ment of the district." 

Zinc ores, we have seen, were beginning to be ulilized in Wiscon- 
sin as early as 1860, and Mattbiessen & Hegeler's zinc works were ' 
started, at LaSatle, about 1860; but in Missouri the lirst metallic zinc 
manufactnre is reported to have been in 1867, by Mr. G. Hesselmeyer, 
at Potosi [^'JV. /) !U\. In 18G9, the Oarondelet zinc works were eslab- 

'AoDordlng to Mc. FnaulB La Urftve, »od or ttas toimeT owner of the Bannc Ttm Uadi, 
Bome proapectlnK wai done bare b; htm with tha cbnin drIU btfoie Ibe vir, whlFli showed Iba 
eiliteiice or dlmiemliialeil oi 
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lished in St. Louis, and the Yalle mine became immediately a large 
shipper — the zinc ore soon developing into a greater source of profit 
than the lead ore, heretofore exclusively mined. 

1870-1880. 

With the end of the preceding decade, Missouri attained a condi- 
tion of greater activity in lead mining than e^er before reached ; also, 
the zinc ores were beginning to be utilized. The condition of the in- 
dustry and the distribution of lead mining, at this time, is indicated by 
the following table, extracted from the Ninth U. S. Census : 
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Cooper , 

Franklin ... 

Jasper 

Miller 

Moniteau .. 
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Bt. Francois 
Washington 
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1 


2 


25 


61 


1 


5 


6 


27 


2 


5 


1 


300 


2 


103 


2 


% 


2 


9 


42 


539 



$30,000 

9,250 

10,000 

3,700 

3,100 

20,000 

78,000 

25,500 

400 



179,950 



$150 

19,400 

1,600 

750 

350 

50,000 

36,879 

13,750 

1,400 



124,179 



$300 

27,630 

37,500 

6,115 

1,100 

72,500 

87,760 

17,000 

1,980 



201,885 



* The valaes of this table do not agree with the resalts obtained ftom railway chipmenta and 
other BonrceB of information, as given by Mr. Cobb on pages 682 and 684 of the report of the Mo . 
Geol. Sarvey for 1878 to '74. According to these statements, the total value of the pig lead pro- 
duced by the state for the year 1870 was $1,024,822, which, at 7.26 cts. per lb., represented about 
7000tonsof lead, while the census figure represents only about 8600 tons of lead. In the Census 
reports, however, the production of Mine La Motte, in Madison county, is ^omitted ; as this was 
nearly 2600 tons for that year, its omission nearly accounts for the discrepancy. Shipments ob- 
tained from individual operators show further, however, that the allowances made for other coun- 
ties are also somewhat too low . 
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At this time, the CeDSns report states that there were the foUowiag^ 

lead works iu the state : 

Tftlue or product. 

One bar and sheet lead eetabliabment fflSO.OOO 

Thirtj-ane pig lead establlBbmeata 643,831 

Two load plpeeBtabllBhnients 187,000 

Two eveutB of great importaniie at this time tended not only to 
inaintain this activity, bnt to increase it. The first was the discovery 
of ores in great qnautity in and about Joplin, the second was the rapid 
increase in the valne and nse of zinc ores. Iu addition, the price of 
lead continned qnite hif^h nutil the last few years of this decade. 

Though miniDg had been in progreBS in Jasper county, near the 
present site of Joplin, for 20 years, it had not assamed large dimensions. 
Granby had heretofore been the principal mining camp of the sonth- 
west. In fact, according to Schmidt [S-!, p. /fS \, not a single honse 
was standing on the present site of Joplin in 1870. In August of that 
year, however, according to Messrs. Beatty and Snow, two prospectors. 
J. B, Sargent and E. R. MoEFett, discovered lead ores in large qnaoli- 
ties within what are now the city limits. The Moon diggings, on East 
Joplin hill, were first opened about the same time. The development 
of these ore-bodies became at once active, and by 18"1, several fur- 
naces were kept running night and day to smelt the ores. In 1H71 
Patrick Murphy bought the land on which Joplin now stands, and the 
town, first called Murphyeburg, was laid out. 

Discovery succeeded discovery both in and abont Joplin, along 
Joplin creek. Center creek {Oronogo}and Turkey creek. Thus, by 
1874, the population of Joplin had reacted 5000, says Schmidt; some 
1000 miners were employed, the prodnclion was as much as 200 tons 
of galena per week, and 7 Scotch hearths aud 6 reverberatory furnaces 
were in operation. In the same year, the Memphis, Carthage & South- 
western railway— now part of the St. Louis & San Francisco — was 
built. Iu 1875, the Webb diggings, on the present site of Webb City^ 
yielded about 25 tons of ore per week. In 1876, Carterville was laid 
off, and mining was begun by the Carterville Mining & Smelting Oo.» 
on the ground from which such great qnanlitiesof ore have since been 
taken. 

Before the beginning of this decade, we have seen that the zinc 
ores of the Valle mines in the southeast were being utilized. The de- 
mand soon reached the southwest. In 1871, an agent of the Missouri 
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Zinc Go. be^an to work for zinc near Granby. From Joplin, the first 
zinc ore is reported to have been shipped to La Salle in 1872, and 
found sale at once, thoagh at a low figure, beginning at $3 per ton, bat 
soon rising by steps to $15. In 1873, zinc smelting was started at 
Weir City, Kansas. Dade county also became a producer of zinc ores 
at this time, and mines in Greene county shipped a little. Thus, by 
1875, the production of the state had risen to 23,500 tons of this ore. 
The discovery and development of the deposits at Galena, Kansas, 
near Joplin, in L877, gave an additional impetus to mining, while the 
sale of ores was further facilitated by the erection, in 1878, of zinc 
works at Pittsburg, Kansas, by R. Lanyon & Co. 

The discovery of the Joplin lead ores first drew mining away from 
Granby, but the utilization of zinc ores later caused their return, and 
brought about, not only a renewal of mining operations, but an entire 
change in the character of the work. Exploitations became deeper 
and larger, though still of a somewhat crude nature. Up to 1873, fully 
1200 shafts had been sunk about Granby; about Neosho there were 
perhaps about 100 more. Of these, of course only a very small num- 
ber were operating at any one time. In 1874, some mining was in pro- 
gress in Barry county. In 1875, the Dade County Mining and Smelting 
company began work at Corry, and, during the year, shipped 149 tons 
of lead ore. A circumstance which made the rapid development of 
these newly discovered ore bodies possible, and which permitted the 
utilization of the zinc ores, was the completion of the Frisco railway 
to Peirce City, in 1870, and its extension to and beyond the state line 
early in the next year. 

In the central portion of the state, lead mining continued uninter- 
ruptedly. At Linn Creek, in Camden county, a furnace was built in 
1871, and was owned by Draper & McClurg; it produced, up to 1873, 
1895 pigs of lead. In Benton, a small furnace was also erected for 
smelting the lead ores of the county, which were then being developed. 
In the same year work was resumed at the Old Scott diggings in Cooper 
county, a furnace was built and about 400 pigs were smelted. The 
Collins diggings, in the same county, were also opened. In 1874, work 
was resumed at the Marmaduke shaft in Saline county. In Cole county, 
mining and smelting was in progress at a number of localities; in this 
and Moniteau county over 20 new openings had been made between 
the years 1854 and 1874. In 1873, and the immediately succeeding 
years, most of Morgan county's lead was produced ; the BufiPalo furnace 
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was built then, and also the Wyant Spring, Handlia and Otterville far- 
naces. In all, 7 farnaces and 52 openings were operating in Morgan 
county, in 1873, employing from 80 to 100 men, and producing over 
600 tons of galena in the last half of that year. In Miller county, 2 
furnaces and 13 mines were running in 1874.* 

In the southeast, this decade was also one of progress and growth 
of production. In 1870 Mine LaMotte shipped alone 2564 tons of lead. 
This was much reduced in the immediately following years, owing to 
the fire in 1872, which destroyed twelve furnaces. In 1876, it rose to 
2914 tons. ISTickel and cobalt ores were also utilized during this period. 
Mining and smelting also continued at Valle, Perry, Frumet, Avon and 
other mines. The St. Joseph mine at Bonne Terre was becoming the 
scene of large operations. From a production of 22 tons per month, 
in 1869, the output rose to 122 tons per month, in 1874. By this time 
5 shafts had been sunk, and the equipment of the mill machinery and 
furnaces was largely increased, and the construction of a railway was 
begun. Two stacks of blast furnaces of large size were substituted for 
the old reverberatory in 1878. In 1879, the average production per 
month rose to 350 tons. From this time on the mine continued to rank 
as the first lead producer in the state. In 1878, the Desloge furnace 
and mill, adjacent to the St. Joseph works, was started. 

In Franklin county, work was in progress at the Virginia and other 
mines, and, in Mailison county, operations were begun on a somewhat 
larger scale at the Einstein silver mine, in 1874, by Mr. Wm. Einstein. 

The methods of smelting during this term changed somewhat from 
what had prevailed in the past. Fewer Scotch hearths were used, and 
more reverberatories were introduced, including two or three of the 
Flintshire type. These were especially used in the Central and South- 
eastern districts of the state. A number of blast furnaces were also 
in operation at different points — more particularly for the treatment of 
slags from other furnaces, and, at Mine LaMotte, specially for the treat- 
ment of nickel and cobalt hearth residues. In 1876, Williams describes 
some 88 furnaces in the state, distributed as follows [ -^AV, pp. Jf2-S0\ : 

•For a deBcriptiOD of these central conntiep, see Schmidt's report [Vi', pp ;7i'.i-.*r6] . 
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In 1880, according to the Tenth Oenans, there were only 3 rever- 
beratory fnrnaces in operation, 61 Scotch he&rths and 6 blast far- 
naccB. ■ 

Along with the establishnient and operations of these farnacea 
for the reduction of the lead ores, worltB were also maintained for the 
mannfactare of lead products, and for the redaction of zinc ore. Thus, 
in 1875, three establishments were rnnning at Oarondelet, namely : 
the Martindale, Garondelet and the Missouri Zinc Company's works, 
which operated 1688 retorts, and produced 4650 tons of spelter. Zinc 
white works were also erected at Hopewell, iu Washington county. 
Outside of the state. In the adjacent coantry, the LaSalle (Illinois) 
works were tbe principal, though 2 plauta were in operation in Kansas, 
by 1880. In St. Lonis, in 1873, white lead, shot, pipe and sheet lead 
works werernnniug. 

The general progress since 1870 is bedt illustrated by comparing 
tbe following figures from the Tenth Oensns, with those of a similar 
table from the Ninth Censns, given on a preceding page: 



*lt eaenu budly ponslble ror ancb a chin 
> tbon (period Tbe onlr explanation tbst i 
a knd Sootcb beanbe ,] 
« lbs cbuaciei iI fnrDsei. 



n tbe fnraarea Deed to bave taken placs daHng 
AD offer la, lb at Id Ibe Ceaaiu atatement tbe Bg- 
e bwD Inlerchaoged, aa Vfllllama' deicrlpUona 
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County. 



Ohrl stian 



Cole. 



Dade. 



Franklin 

Qreene 

Jasper 

Jefferson.... 



Madison 



Moniteau 



Morgan . 
Newton 



St. Francois. 



Washington. 

Wright 

Totals. . 



No. of 
mines. 



Total 
capital, 



Total 
employes. 



Total 
wages paid. 



Total products. 



Lead ore 



Zinc ore 



1 


$5,375 


2 


575 


3 


5,379 


2 


176,000 


3 


11,730 


29 


1,155,540 


4 


36,682 


2 


1,098,797 


1 


258 


4 


1,766 


1 


118,000 


3 


843 J40 


14 


634,862 


2 


1,950 



71 



4,090,052 



60 

6 

115 

111 

204 

2,427 

24 

165 

2 

11 

442 

517 

419 

19 



4,522 



$12,096 

868 

6,547 

41,000 

7,670 

1,603,836 

1,49^^ 

110,063 



530 

117,907 

172,032 

55,754 

4,455 



2,035,254 



Tons. 
432 

30 

48 

215 

636 

10,878 

56 

3,581 

3 

64 

1,289 

9,844 

1,185 

54 



28,319 



Tons. 



251 

43 

21,304 



9,550 

2,239 

60& 

351 



34,344 



Lead. 



Zinc. 



No. of smelting establishments . . 
No. of counties 



Tons of ore used 



Values of ores , 
No. of laborers, 



Total salaries. 



I 



Pig lead 

rrirv«» ^#.x*^^r.^f J Ni & Co. mattes 
Tons of product j^^j^,j^l^^^j 

[Blue lead 



Fixed capital. .. 
Floating capital 



30 

10 

35,265 

$1,729,511 

600 

$270,000 

225,530* 
19 
1,078 
174 

$787,707 

303,945 



3 (26 Belgian furnaces^ 

2628 retorts.) 
1 (St. Louis.) 

17,123 (J silicate.) 

$316,839 

200 

$125,192 

- Spelter.. 5,671t 

$195,000 
55,000 



* 72.4 per cent of the ore. 
t 83 1 per cent of the ore. 
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The methods of miniDg and ore-dressing during this period do not 
seem to have advanced proportionately to the increase of production^ 
especially in the southwest. The shafcs were mostly very shallow and 
rudely timbered; hoisting was by bucket and windlass with horse and 
ox-power, though often by hand. Water was lifted out in a similar 
way. The works were poorly ventilated by cloth tubes, or not at all. 
Most operations were conducted on leases of small claims, 100 to 200 
feet square, the miner working on his own risk and expense, and pay- 
ing a certain royalty to the general lessee or owner. In the south- 
east, mining methods were somewhat improved, though the depths 
reached were quite small, not over 90 ft. at St. Joseph. Steam-power 
was, however, in use here and at Mine La Motte, and operations were 
somewhat more concentrated under one ownership and under direct 
supervision. 

With the year 1879, there thus closes a period of unparalleled 
growth. Operations were then conducted on a large commercial scale 
and with strong financial support. The extent of this growth is well 
displayed in the tables of production given later. 

1880 TO 1893. 
This next fourteen years constitutes a period of continued pros- 
perity in the zinc and lead mining. We have seen that by the year 
1880 they were well established among the important industries of the 
state; the productions of both ores had reached tens of thousands of 
tons per year, while before this they had been represented by units; 
and, during this next term, the production of zinc pre has again more 
than trebled itself, and a material increase in the lead ore production 
has been witnessed, notwithstanding the fact that during this whole 
period the price of lead in St. Louis only once or twice reached 5 cts.t 
and was frequently below 3 cts. per lb. Similarly, the price of spelter 
in New York varied from a little over 4 cts. to about 5i cts. per lb. 
In the early eighties, the industry seems to have been somewhat less 
active, however. Still the progress was noticeable. In the south- 
west, though few ^discoveries of new districts were made, new ore 
bodies were constantly developed, especially in Jasper county. About 
the year 1880, the St. Louis & San Francisco, the Mo. Pacitic and the 
Kansas City, Fort Scott & Memphis railways were extended into this 
county. Mining was vigorously prosecuted, and the production soon 
surpassed that of Newton county, and threw Granby into the shade. 
Gamps multiplied about Joplin, and in the comparatively new ground 
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of Cartervilie and Webb City, along Spring river, Center creek And 
Turkey creek, and especially about Galena, acroaa tbe state line io 
Kansas. The mines were so nnmerouB, and ibe openings controlled by 
one operator changed hauils so often, that a specific reference to the 
history of each, even of the larger, will not be practicable. Import- 
ant facts of this nalare will be inRorporated later, in the statistical and 
descriptive portions of Ibe report. The mines gradually grew in size 
as ore bodies were followed, especially about CiirterviUe and Belle- 
ville; they remained no longer tbe small gopher holes which charac- 
terized tbe region in the early years of mining. By 1890, the population 
of Joptin had grown to 10,000, that of Webb City and Cartervilie to 
8000, and that of Carthage to 8000 also. In 189J. Jasper county pro- 
duced over 100,000 tons of zinc ore, which is more than i| of the total 
prodaotion of the state; and over 11,000 tons of lead ore, which is 
nearly | of the state's production. Early in 1886 the mines at Aurora, 
in Lawrence eonnty, began to be developed. The place at that time 
was not much more than a flag station on the railway, but its popula- 
tion rose by the year 1889 to 3400. The mines there are now import- 
ant producers of ore, their output of both lead and zinc ores in 1892 
amounting to iV of that of the whole state. 

Other southwestern counties were also producers of both lead and 
zinc during this period, especially Greene and Christian counties. 

In the southeast, the St. Joseph mine continued to grow in impor- 
tance. Despite a disastrous fire in 1883, which destroyed the mill and 
other works about the mine, the production increased steadily until, ia 
the year 1892, it reached over 21,000 tons of lead ore, equivalent to 
more than i of the total state production. The adjacent Desloge 
propertyj the mill of which was destroyed by lire in the winter of . 
lS85-8i>, was purchased and consolidated with the St. Joseph company | 
in 1886. After the fire of 1883, large and improved works were de- 
sigoed, including a series of powerful rock t^rnshers, Oornish rolls, ele. 
vators, screens, steam-jigs, etc. These are now erected and have been 
operating for a number of years. The ore treated contains on an ar- . 
erage about 6'i„ of galena. 

Mine La Motte was also a steady producer during this period, and'J 
its productions increased somewhat over the preceding decade — tbo 1 
mines yielding in 1892 4403 tons of ore. 

Among the extensions of mining is to be noted tbe opening of the 
Doe Hun mine, near FarmingLon, in 1837, and also tUe development of | 
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the deep disseminated ores of Fiat river, south of Bonne Terre, during 
the last few years. The construction of the Mississippi River and Bonne 
Terre railway, from Riverside to Doe Run, has done much to stimulate 
developments at the last two localities. It was completed in 1>90, 
practically by the St. Joseph Lead Co., and enabled that company to 
move its furnaces from Bonne Terre to Herculaneum, where the facili- 
ties for smelting are much better. 

In the Central district, comparatively little work was done, and this 
was of an intermittent character. The figures of the Tenth Census^ 
given on page 298, indicate that the production was small in 1880, while 
those of the Eleventh Census for 1889 make a still smaller showing. 
The mines of this district were worked with much profit while lead 
commanded the high prices prevailing before the year 1878. Since that 
time, they do not seem to have been susceptible of profitable working. 

The following table, prepared from the report of the State Mine 
Inspector, Mr. C. C. Woodson, for the year ending June 30, 1892, well 
illustrates the status of the industry at the present time : 



County. 
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Total product. 



Lead ore. 



Zinc ore. 



Barry. 
Cole . . 



Dade 

Franklin 



Greene 



Jasper 

Jefferson 
Lawrence. 



Madison 



Miller 



Newton 

Perry 

St. Francois 
Washington . 



437 

25 

116 



77 
2 
6 



677 



30 



43 

3,624 

120 

819 

292 



432 

4 

551 



5,915 



Tons. 

84 

35 

99 

150 

406 

11,501 

413 

5,720 

4,403 

25 

1,250 

6 

23,740 

1,794 

49,626 



Tons. 



192 



104 



899 

106,0}4 

2,075 

13,861 



8,343 



131,488 
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The metftllurgy of lend continued about the same in method dar- 
iug Ibis period, with a deoreaan of plants in tbe central coanties and 
an increase in the southeast. 

For zinc, smelting plants were erected in I88L at Rich Hill and 
West Joplin. Id 1882, according to the Mineral Eesonrces of the U. 
a,, three plants were in operation in Illinois— at CoUinsville, Pern and 
La Salle ; five in Kansas, four being at Pittsburg and one at Weir City ; 
and five in Missonri, three of which were at Carondelet, one at Rich 
Hill and one at Joplin. All of these were nstng Missouri ores to a 
greater or less extent, though they were not all active at the same 
time, particularly during the first five years. In 1887, zinc worbe were 
started at Nevada, Missouri, and new works were being built at Scam- 
monrille and Girard, Eansas. In 1892, a plant was built at Galena, 
Kansas. 

In the methods of mining there is considerable improrement at 
some localities. Steam power id commonly used in the southeast, 
and also in the southwest, but in the latter region horse or man power 
are more frequent. The shafts still remain roughly excavated and 
poorly timbered, and the rope and bucket are still in almost universal 
use. Steam crnsUers, rolls and olber important machinery have been 
introduced in some of the plants in the southwest. Much, however, 
remains to be done in the way of improvement of mining and prepar- 
ing of the ores. 

The same sytem of subleasing amatl tracts of land prevailed, though 
there are a few instances, as with the Empire Zinc Co., in which the 
owners operate the lands themselves syslematically and on a large 
scale. In 1882, according to Mr. Clerc [^'4'?, p. 370], royalliee of 25% 
on blende and bd'y'r. on galena were paid to the land-owner, and, where 
pumping was done, there was an additional tax of $1 per ton of ziuc 
ore and i*2 per 1000 pounds of lead ore. At present the royalties 
range up to this amount in certain cases, but they are generally less 
than this, the amount being dependent upon the ease of mining and 
the quantity of ore available. 



CHAPTER VIII. 

THE PHYSIOGRAPHY OF THE MINING DISTBIOTS. 

TIIK SOUTH WESTERN DISTRICT.— THE SOUTHEASTERN DISTRICT.— THE CENTRAL DISTRICT 

Within the borders of the three districts are incladed the three 
types of topography which are recognized in the state. These we 
designate as : 1 ) the Prairie coantry ; 2 ) the Plateaa coantry ; 3 ) 
the Highland coantry. Each of these types has features which are 
represented in the others, and each has features which distinguish it. 
The combination of these results in the production of countries of 
entirely different aspects. 

The prairie country is represented principally in the Southwestern 
and Central mining districts — in the western and northern half of the 
former, and in the northern half of the latter. Here, the country as- 
sumes the character of a broad undulating plain, with a sparse growth 
or entire absence of timber over wide stretches. Adjacent to the 
larger streams it loses its characteristic features to a certain extent, as 
will appear later. 

The plateau country occupies principally the southeastern portion 
of the Southwestern district, and the southern half of the Central 
district ; it may also be recognized, though in not so pronounced a 
form, over portions of the Southeastern district. It differs f¥om the 
prairie country chiefly in its greater relative altitudes and in the more 
vigorous sculpcuring. The valleys are deeper and the slopes' more 
abrupt, while between the depressions are comparatively flat plateaus 
and ridges. 

The highland country belongs exclusively to the Southeastern dis- 
trict, and consists essentially of a series of knobs or domes, irregularly 
distributed and covering a comparatively small area. It is distinguish- 
able from the preceding types in the form, structure and age of the 
features of relief. 
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Tbe drainage of the three distric's is into three large rivers, t. e., 
the MissiBsippf, MisBouri and the Arkaasaa. The first two are cootig- 
uonB to tbe Bontbeastera aod Oeatral dislriotB. Several large streams, 
however, traveree each of tbe diatricta, and will receive dae conaider- 
atiou later. 

Tbe forestry of these districts is Dot remarkable for size or variety 
of timber. Over tbe prairie eonntry the growth ia not abandant, nor 
are tbe trees large. Over tbe plateaa and highland conntries, tbe 
growth is frequently deitee, consisting principally of varieties of oak. 
These trees, though large enough to be valuable for ordinary uses, are 
not SDcb as to support a great timber industry. 

Pines are found in the soutbeiu part of the Soulbeasteru and 
Southwestern districts. In the ragged country adjacent to the streams 
there is a scattered growth of cedars, which is of commercial value. ■ 

The soils of tbe upland country are essentially all residuary. 
Along tbe larger streams are usually broad alluvial plains of very fer- 
tile land. The prairie country is normally a good one agriculturally. 
Much of the upland of tbe plateau country, as well as tbe subordinate 
hills along the valleys, is covered with a good soil; bere, however, 
many ridges have a thick covering of chert fragments, which unfits 
them for most agricultural uses. The soils of the highland countiy 
are thin over the hills and mountains, but the valleys often contain 
good farming lands. 
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THE 80UTHWB8TEES DISTRICT. 

The whole of this district may be regarded as a plain, composed J 
of nearly horizontal strata, now deeply incioed. It is, however, uot a ' 
level plain, but is tilted from tbe east toward the west, the altitude of 
the surface at Cedar Gap, near tlie eastern border, being about 1700 
ft., while at Joplin, near the western border, it is only 1000 fl. The , 
extremes of elevation are thai at Cedar gap, above given, and that J 
where White river leaves the State, which is not much over 700 ft. I 
The local differences of elevatiou amount frequently to as much as 300 J 
ft. within the same square mile. 

Topography.— The topography of tbe district belongs mostly to j 
the prairie type, bnt tbe plateau is also represented. The former pre- I 
vails over tbe Lower Carboniferous and Coal Measure areas shown od | 
the district map, but it also extends over the Lower Silurian portions 4 
of Greene, Polk and Webster counties. Similarly, the plateaa belong! f 
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principally to the Lower SilnriaD coantry of the southern and western 
parts of the sheet, but it also includes portions of the Lower Carbon- 
iferous of Barry, Stone, Taney and Christian counties. 

The Prairie Country. — This extends from Webster county west 
through Polk, Greene, northern Christian, Dade, Lawrence, northern 
and western Barry, Barton, Jasper, Newton and McDonald counties. 
This, though designated a prairie country, is by no means a flat plain, 
audits difference from the plateau is more one of degree than of kind. 
It is almost everywhere undulating. Its range of altitude within the 
limits fixed amounts to nearly 700 feet., and local differences of 100 ft. 
within the same square mile are common. The river valleys are bor- 
dered by bluffs, but these are not so high as in the plateau country, and 
the transition from plain to valley is not so abrupt. The rivers are 
characterized by comparatively broad and generally continuous mean- 
der plains. 

It is between the principal streams, however, that the character- 
istic features of the prairie country are developed. Here, we have 
broad expanses of nearly flat land traversed by swales or depressions, 
along which the minor streams or rivulets flow. No ridges, buttes or 
other eminences rise above the general level. The surface is treeless 
over wide stretches, and makes an excellent farming country. The tim- 
bered portions are principally along the minor depressions, and, also, 
amid the breaks and the foot-hills of the larger streams ; over the up- 
land plain some patches of timber occur at intervals, also. Part of 
this surface is bald and bleak, with a thin soil, and suited only for 
grazing purpose. 

The river valleys are composed of flat alluvial plains, and of minor 
elevations and foot-hills, which form an escarpment, rising to the plain 
above. These alluvial plains are generally less than a mile wide. They 
were originally largely covered with a growth of heavy timber ; this is 
now mostly cleared, and the lands constitute the richest farms of the 
district. They are not always continuous, but the valleys are i^ome- 
times so contracted that the stream flows through a narrow gorge. 
This is noticeably the case along the lower stretches of Shoal creek. The 
reason for this is plainly seen to be the presence of a massive bed of 
chert, through which the stream has had all it could do to cut the nar- 
row channel. 

a— 21 
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A prominent feature, and one developed in the plateau conntry 
also, though to a greater degree, is the steepness of the hills adjacent 
to the stream valleys. Sometimes, it is true, the country slopes grad- 
ually down to these valleys; but, as a rule, there is a well-defined 
escarpment, which one ascends as one would a flight of stairs, to land 
on the platform-like plain of the prairie country above. The reasons 
for this are largely in the geologic structure of the country, and will 
be referred to at the end of this chapter. 

The Plateau Country. — This name is applied especially to the conn- 
try tributary and contiguous to White river. It is typically represented 
in eastern Barry, in Stone, Taney, southern Christian, Ozark and 
Douglas counties. It is principally distinguishable from the last by the 
boldness of the relief and by the range of altitude — the extremes be- 
ing 1700 ft. at Cedar Gap and about 700 ft. on White river, and the 
local ranges amounting to over 300 ft. within the same square mile. 
The streams are much deeper incised, and with small or no flood plains 
among them ; they are very tortuous, with uplands projecting into the 
loops, as will be described and discussed later. 

This stretch of country has recently been in part mapped and crit- 
ically studied by Mr. C. F. Marbut, Assistant (reologist of the Survey. 
On the topographic sheet prepared, its features are admirably brought 
out. He divides these into *'!) an upland plain, gently declining to the 
westward; 2) an escarpment terminating this plain on the east; and 3) 
a second more or less incised plain (the Magnesian limestone plain), 
lying below the escarpment and stretching from its base eastward, bey- 
ond the limits of the area."* 

1. The upland plain between the larger streams is not different 
in appearance from the prairie country, though it is more sharply 
defined by the escarpment line, from which the fall is between 300 and 
500 ft. to the plain below. As Mr. Marbut expresses it, this plain, 
and also the one below, ''have been dissected by the erosion of the 
streams so that very little of the surface is left uncut. The escarp- 
ment line has been driven backward around the heads of the streams 
flowing out of the upper plain, until it is very irregular. This plateau 
is an exceedingly level surface. Standing on a high object which 
raises one above the forest, and which gives one a distant view of sky 
line, it is, apparently, absolutely level ; not relieved by the faintest ele- 

•Thi-? i8 not the Whlto rivor VHlIt^y, but rorreBponds ai)i»rox 1 in ately to the surface of tbe 
Lower Silurian rockH, when* entirely htrippetl of the Carhonlferon« llineBtones It is always 200 to 
400 ft. lower than the Carboniferous plain, and It rises ea8t\var<l. White river valley is sharply 
incised in this lower plain. C F. M. 
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Tation. This upland plain is the divide between the water flowing 
sonthward into White river, and that flowing northward into the Mis- 
«onri. The character of the snrface on opposite Hides of the main 
divide is very different* The slopes of the southern side are very 
steep ; the streams have a great fall, and the hollows which lead up to 
the divide are narrow and very deep. The northern side slopes more 
gradually ; the streams do not follow narrow deep canons, but rather 
wide open basins. On the southern side, White river flows near the 
divide, the streams are short and the fall is great. On the northern 
«ide the drainage is into the Missouri, and the streams have a long dis- 
tance to traverse before reaching it. The fall is, therefore, greatly 
reduced, and also the erosive power. Transportation hardly keeps 
pace with the atmospheric degradation, and we have a rolling country 
with a deep soil and shallow valleys." 

2. ^By escarpment we mean a steep slope terminating an upland. 
The idea carries along with it the two plains, an upper and a lower one, 
both being gently inclined. The escarpment here described is deter- 
mined by the more rapid weathering of the basal beds of the Lower 
Oarboniferous limestones. These weather out, thus undermining the 
higher, more resistant beds, which break off in great blocks, leaving a 
steep fiEice. Its base coincides with the contact between the Lower 
Carboniferous and magnesian limestones shown on the geological map.^ 

*^ It enters the state on the southern line of Barry county, whence 
it runs northeasterly through Barry, Stone and Taney, reaching its 
farthest eastward extension in Wright county, near Cedar Gup. Its 
course so far is an exceedingly irregular one. It runs up the valleys 
of all the streams flowing into White river, making a series of sharp- 
pointed embayments extending into the- Carboniferous plain. From 
near Cedar Gap, it runs northwestward to Marshfield. Its character 
changes somewhat here, on account of the presence along this part of 
its course of the Hannibal sandstones and shales. It remains, however, 
well-marked topographic feature." 

^ South of White river, the escarpment enters the state from Ar- 
kansas and runs in an irregular Hue through Stone and Taney counties, 
again passing out of the state about the middle of the southern boun- 
dary of Taney county." 

'^ From Cedar Gap south westward the escarpment will average 200 
feet in height. In many places it is higher, but there are comparatively 
few places where it is lower. At Cedar Gjip, as shown by the railway 
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profile, the foil is about 200 feet. From Cedar Gap to Marshfield the 
height will average about 120 feet. Over thai part of its conree where 
it is highest, it coDsiats of an npper, steep, uherty slope of 150 to 175 
feet, with a, cliff below of about 25 feet to the base of the Carbonifer- 
ous rocks. This is the base of the escarpment proper, though there is 
generally a gradual slope over magoesian limestones, of from to 160 
feel, to the general level of the Carboniferous plain." 

3. "The features of the lower plain lying east and south of the 
escarpment are somewhat diH'erect from those of the upper plain. Its 
surface away from the larger streams is strongly undulating. The 
small branches tlow in wide depressions, and not in narrow, steep ra- 
vines, as on the southern side of the upper plain. Near the larger 
streams it is deeply incised. The valleys are narrow. Even of White 
river, the largest stream iu this part of the stAte, the valley is but little 
wider than the river channel. The valleys are bouuded, in almost all 
cases, by at least one precipitous wall. From the top of the precipice, 
the plain stretches away, rising gradually toward the CarboniferouB 
contact, where it is abruptly terminated by the escarpmeut — io many 
cases precipitous, iu alt cases steep. This lower plain extends along 
the larger creeks flowing out of tbe upper plaiu, as a bench of varying 
width, ou one or both sides of tbe stream, lying between the narrow 
valley of the stream on the one side aud the escarpment on the other.'*' 

" Iu the vicinity of White river, there is a series of conical hills op 
buttes almost bare of vegetation on which every stratum of limestonaJ 
sbowB as a narrow terrace running horizontally around the hill, 
along White river, these hills form a marked feature in the topogi 
phy." 

"The characteristic features of this plain are thus: a) the i 
lating surfaces away from tbe large creeks ; b) the flat, troogh-Uki 
valleys of the small branches; o) the sharply incised valleja oft 
large streams, and d) the ronnded terraced hills near the eaoarpmeiH 
and along White river." 

Hydrography.— Tbe streams of the Southwestern district, witk^ 
the exception of White river, are all quite small, and even that one* 
cannot be classed as navigable above Forsyth. They all belong to J 
one or the other of three difterent drainage systems : t. «,, those of t 
Misaouri, Arkansas and White rivers.* 
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' The divides separating these different drainage basins from each 
other are clearly shown on the small drainage map on page 320 of this 
report. Those streams belonging to the Missonri river system, begin- 
ning with the eastmost^ are Lick fork, Osage fork, both tribntaries of 
the Gasconade river; and the Niangua, Pomme de Terre and Sac 
rivers and their forks, all tribntaries of the Osage river. The streams 
belonging to the Arkansas river drainage system are Elk river, Shoal 
creek and Center creek and their forks, all tribntaries of Spring river, 
the headwaters of which drain the northwestern corner of the district. 
The streams belonging to the White river system are White river itself, 
and James river, King river. Swan creek and Big Beaver creek 
and their forks, all flowing into White river within the limits of the 
district. Though none of these streams are large enough to be freely 
navigable, both White river and Spring river furnish transportation to 
flat-boats, and are ntilizable for rafting. In times of high water, they 
develop into streams of great depth and volume. Spring river, where 
of any size, extends so littla into the state that a description of it is 
omitted. 

White river, within the district limits, has a fall of about 3 ft. to 
the mile — its altitude where it enters the state being about 1100 ft. A. 
T., and where it leaves the state, some 125 miles further down, about 
700 ft. A. T. The declivity is, however, not absolutely continuous, but 
is interrupted by a number of shoals, which make boating difficult at 
times. Between these shoals are long pools, frequently of deep water. 
At one of these shoals, known as Elbow shoal, about 50 miles below For- 
syth, the fall amounts to as much as 4 ft. in 1000 [ 228^ vol. xvii, p. ii^.i]. 

The other streams within the limits of the district, with perhaps, 
the exception of James river, are very small and not easily continuously 
navigable, even by skiffs. Some of them go almost entirely dry during 
times of drouth ; but others are kept alive by the numerous springs 
which characterize this limestone country, and which frequently gush 
out beneath limestone bluffs in great volume. Many such streams, 
where the declivities are great, are destined to become valuable sources 
of power ; even White river can in places be thus utilized. The most 
noteworthy instance of such utilization of power is at Grand falls, on 
Shoal creek. Here a large power plant has been erected, from which 
electric lighting is supplied the city of Joplin, and hoisting power to 
a number of mines. 
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The streams of the prairie oonntry aod of the area of the Car- 
boDiferous limestone have, in large part, reached base level, and are 
developiag meander plains, as has already been described. In places, 
such leveling is evidently only down to a temporary base, caused by 
some obstrnction to the cormsion of the channel lower down the val- 
ley. Other streams, particularly those of the plateau country and of 
the Lower Silurian magneeian limestones, are still corrading and lower- 
ing their channels. 

With While river, the largest, eorrasion is still in progress, and 
some peculiar features are attributable to this cause. A study of 
topographic maps of this country, as stated by Mr. Marbul, would show 
that " through all its course in Missouri, White river flows in an ex- 
ceedingly narrow and very tortuous valley, about 500 to OUU ft. below 
the top of the highest plateau, and from 250 to 450 ft. below the 
base of the Lower Carboniferous rocks. Probably without an excep- 
tion, the outside of each curve of the river valley is bounded by a sheer 
precipice, often reachin'' a height of WO ft., while the inside is a slop- 
ing point, sometimes a rather steep one, extending into the bend to the 
river, with, in some cases, a narrow flood-plain on this side of the stream. 
As is shown on the drainage map, this remarkable system of meanders 
forms a noticeable feature of the stream. When it is remembered 
that these meanders are not od b broad flood-plain, but are sharply 
incised in the upland, with the high land extending into the bends, 
often to the river's edge, additional interest attaches to them." 

"The tributaries of White river within the area are numerous; 
all have the same characteristics as White river. On the south- 
ern side of White river is Kings river, a stream of considerable size, 
draining the northern slope of the Boston mountains iu Arkansas, and 
having only a short course within the state of Missouri, tl meanders 
in a deep narrow valley, essentially the same as White river. Farther 
eastward, are the two Indian creeks, Cow creek and Long creek — the 
latter, a stream of considerable size, draining the conutry around 
Carrollton, Arkansas, and Howing into White river near the Qtoue- 
Taney county line. Turkey creek and Bee creek, east of this, also 
flow into White river from the south," 

"On the northern side we have, commencing in the western part of 
the area, Roaring river, Rock creek, .lames river, Roark creek, Bull 
creek. Swan creek and Big and Little Beaver creeks, -lames river is 
the largest tributary from this side. It is a stream of about the same 
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size as Kings river, and has a series of well-developed meanders. The 
other streams east of this have no very marked meanders." 

Soils. — The soils of the Soath western district are both transported 
and residuary. The former are confined to the alluvial plains of the 
streams already referred to, and consist generally of a rich, dark loam, 
overlying a chert gravel. This constitutes .very fertile lands, which 
are valuable when not subject to disastrous or long continued over- 
flows. This is a great objection to such lands in the White river country. 
The soils are made up of comminuted particles of rock from different 
portions of the drainage area. With these is frequently mixed much 
vegetable matter. 

The residuary soils are derived from the decay of pre-existing 
rocke, which are generally the same as those at present immediately 
underlying the soil. Such soile, hence, vary with the character of the 
country rock, but they are also modified by the shape or slope of the 
surface. 

Over the Coal Measure patches, much of the soil is of a sandy 
nature, being derived from the sandstones of the lower part of this for- 
mation. 

Over the area of the crystalline and massive Lower Carboniferous 
limestones, good loamy soils prevail where the declivity is not so great 
as to wash the rock bare. In those areas occupied by the shales which 
constitute the base of the Lower Carboniferous, good soils are also 
found. Those areas which are immediately underlain by the other 
cherty members of this formation have a very thin, poor and rocky soil, 
especially where the slope is sufficient for the finer materials to be 
readily washed away. In many cases, the ground is literally covered 
with chert fragments, and absolutely no soil can be recognized. Such 
conditions are more prevalent over what we have defined as the es- 
carpment area than elsewhere. 

Over the magnei^ian limestones, good soils are also found when 
the conditions have allowed the accumulation of a considerable thick- 
ness. In many places, especially in the plateau country, these soils are 
noticeably very thin, and great ledges of rock are laid bare, and many 
bald hill summits or knobs occur, which are characteristic features of 
the country. In some cases, the entire slope of a hill is totally desti- 
tute of vpgetation, and the successive strata of hard rock stand out in 
clearly defined terraces, from top to bottom. 
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Forestry. — The most timbered portion of the district is in the 
soatheastern quarter, or in the plateau country ; but all of the area, 
excepting perhaps the extreme northwestern quarter, is a timbered 
country. In fact, the Tenth Census gave as the density of the greater 
part of the area, 50 to 100 cords per acre, while that of the balance was 
from 20 to 50 cords. The principal growth is of oaks, but we find here 
also walnuts, hickories, ashes and chestnuts, and, in the extreme south- 
ern part, some pines. The following description of the plateau country, 
as given by Marbut, conveys a good idea of the forestry of the whole 
area: 

"The forestry of the magnesian rocks is not of sufficient value to 
receive much notice. In some places, over a small territory, where 
there is a good accumulation of soils, there is a forest of young black 
and red oaks, principally the latter, excepting on cherty ridges, where 
the former predominate. To the east, where the surface of the magne- 
sian rocks has been longer exposed and has a deeper soil, there is some 
very good timber. The lack of timber is, however, not altogether 
on account of the nature of the soil, but is often largely due to the lack 
of soil. The soil of these rocks, even where heavy enough to sup- 
port a good growth of timber, is, however, not so good for that purpose 
on account of its clayey nature, and, in many places, its lack of cherty 
material, which insures good drainage. The principal trees are the red 
oak, black oak, white oak, post oak, elm, walnut, wild cherry, etc." 

" By far the most valuable timber left within the area is on the 
chert hills within the Carboniferous rocks. When far enough removed 
from the railway, there are considerable areas of practically untouched 
oak and a considerable amount of pine of the short-leaved kind (Pintts 
mitU, y^ 

"All the southern part of Stone county, south of the mouth of 
Crane creek, the eastern part of Barry county and all of Taney county, 
where there are Carboniferous rocks at the surface, is yet covered with 
forests of black oak and white oak, which, with convenient means of 
transportation to market, would be valuable. The rest of the area 
underlain by Carboniferous rocks north, northwest and northeast of 
these sections, lies too near the railways to have much valuable timber 
yet standing. Chad Wick, on the St. Louis & San Francisco railway, and 
Seymour and Cedar Gap, on the Kansas City, Ft. Scott & Memphis 
railway, have been the shipping points for these products. The timber 
of most value, excepting the pine, is the white oak, and, while there is 
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not enough to warrant the erection of large mills, yet, if there were 
safiQcient means of transportation, it would furnish the basis for a con- 
siderable industry for several years." 

" The pine timber is confined wholly to the area of the chert hills 
of the Carboniferons rocks. South of Kirby ville, in Taney county, and 
extending westward along the southern line of the county to Indian 
creek, is the most considerable body within the area. Another patch 
lies on the hills east of Marble cave, in Stone county. With this last 
exception it is confined to the southern side of White river, so far as 
my observations extended." 

THE SOUTHEASTERN DISTRICT. 

The surface of the Southeastern district differs from the South- 
western, in that it is dome-shaped instead of being a tilted plain — the 
slopes being radial from a center in the southern portion. The drain- 
age, following these slopes, is, hence, also radial. The greater part of 
the topography does not belong to a distinct type. One part, occupied 
by the Archean rocks, is typically highland ; the remainder is a combi- 
nation of the highland and plateau types, with some suggestion of the 
prairie country over certain portions. The extremes of altitude within 
the district are : 1800 ft. A. T. on the summit of the Taum Sauk moun- 
tain, and 400 it. along the Mississippi river. The slope eastward is, 
hence, quite steep. 

Topography. 

The Highland Country. — This type of country has been fully de- 
scribed in the recently published Iron Mountain Sheet report. A brief 
notice will, hence, suffice here. As already stated, it is confined to the 
Archean area, which ext.ends southward beyond the limits of the dis- 
trict map. The elevations or hills are composed of granites or porphy- 
ries, while the intervening valleys are underlain by Lower Silurian 
strata, principally of magnesian limestone. The hills, which may be 
considered small mountains at times, rise to heights of from 600 to 800 
ft. above the surrounding valleys. The larger of these are frequently 
irregularly shaped masses, while the smaller are somewhat conical 
knobs or domes. These features of relief are distributed irregularly, 
and are evidently the results of the erosion of massive rocks, unguided 
by structural planes. The valleys are correspondingly irregular in 
distribution and shape. They have uneven surfaces composed of small 
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hills ; few or no flood plains are developed along ^ 
sometimes they flow through narrow gorges, between 

The Plateau- Prairie Country, — Away from the 
over almost all of the Southeastern district, as hf\ 
country is of an indefinite type. The surface is t(- 
much trenched by valleys to belong to the prairie 
the upland plains of the plateau, but is made it 
irregularly distributed as in the highland count i 
tude and prominence. In the northwestern por 
the vicinity of the Meramec river, more of the 
is found. As a whole, however, the district iir 
sected plain, in which denudation has deveU> 
beyond that of the plateau type. 

The hills and valleys are the only f 
here, and these are not always clearly de 
hills are of irregular shapes and outlines, m 

developed between the streams of a ver\ ^ s 

They are ordinarily about 200 ft. abov< 

country. They can be recognized eastw:; ._. ;,.:;. ;\^^, |,iaint* 

sissippi and Missouri rivers, where they *' .: ^ d; rlit'^e holou*'- 

ing the flood plains of those streams. <i,i^rtu'.NMii limestones*. 

The valleys are mostly undulatiiv irirrln^ii Inlf of the 

hills. The etreams flowing in these he ;^ ,.v.»!i«l iIm* head-waters of 
plains, though in the northern part, al^^- '^^ ,^^.^,1^^ ^,|- tiiesc, a bold es- 
these are much expanded. .! i\Xffin? jipi)ioxinmtely the di- 

Hydrography — Almost all tho ^ 'i-m In Oole and northern 

ries of the Mississippi river. The ' ' .^^^j.\q\ is dissected by the Mo- 
creeks in norrhwestern Franklin co" '* , pjjjrie characteristics. In the 
river, and the heads of Black river ' -^^ j (iecoanty,the country belongs. 

Only two large streams traver^**^'^'" hanioteriBtio features of an un- 
audits tributaries the BourbeuijivV*^- ^^ gg described in the South- 

Francois river. The Meramec is it\^ P*^^ ^ jj^J ^eed not be redescribed. 
The others are not, though the -Ua- i>*^ * *^" ^^jje country, and there are, 
Francois river can be traveled lj« aflt'O ^ continwV- 

floating lumber. The fall of iL,-Jey* ^^ ^^Vl j^y the Osage river and its 
trict to the mouth of the Bou. «:ii«if ^^^^ . .^^ dil>PP^' ** ®"^^ recedes 
Dig river, from near Irondal^^ T&e cluu*^'^^"* ^^^^ f|rom the flat upland 
mile ; below this the deolivij" jq the ^^^^^ | * oountty ta sharp, and the 

■ U^ ^""fjird,^ ^ Oatbe south 
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form, bat the streams consist of alterations of pools and shoals. Along 
some of the latter, water-power can be developed. 

Owing to the altitude of the central portion and to the proximity 
of the low-lying Mississippi river, the fall of many of the streams of 
the eastern half of the district is great. The St. Francois river, from 
Delassus to where it leaves the district, has a fall of as much as 12 ft. 
to the mile. Saline creek, from Avon to St. Mary's, on the Mississippi 
river, falls over 400 ft. within a channel length of little over 20 miles. 
Other streams of Ste. Genevieve and Perry coanties have like declivi- 
ties, though the great portion of the fall is, of course, in the upper 
stretches. Opportunities for the development of water-power are, 
hence, good, and are utilized at a number of points. The most note- 
worthy of these is at the Einstein silver mine, where a granite and 
cement dam is constructed, producing a fall of 22 ft. Several hundred 
horse-power can be obtained here. The water of most of these streams 
is clear, and of excellent quality for all uses. The streams ordinarily 
flow over gravel, consisting largely of chert, and great banks of such 
material have accumulated along the valleys. 

Because of this declivity, the streams are generally still corrading 
their channels vigorously, and flow frequently through canon-like 
gorges. This is especially the case in the Archean area of Madison 
county. The upland meanders, which we have described as character- 
izing White river in Southwestern Missouri, are well developed here 
along Big and Meramec rivers, as is indicated on the map. The pecu- 
liar details have been beautifully brought out upon maps, recently con- 
structed by the Geological Survey, of portions of this district. 

Soils. — The soils of the Southeastera district are somewhat 
closely comparable to those of the plateau country of the southwest. 
Those of the uplands are residuary, while those along the river bottoms 
are transported. As in the southwest, the soils are derived largely 
from magnesian limestones. Ctiert is less prevalent, and there are less 
bare rock surfaces. Many stretches of excellent farming lands exist, 
particularly over the low-ljing portion of the country. The higher 
ridges are more sterile and rocky. The soils of the Archean hills are 
particularly poor, being thin and clayey, and often little more than a 
mass of porphyry fragments. 

Forestry. — The forest growth is also similar to that of the South- 
western district; though the country is, perhaps, more timbered, the 
hills being almost entirely covered. Bed, black and white oaks char- 
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acterize the uplands ; hickory, elm and sycamore, the creek bottoms. 
Large quantities of timber have been cut in past years, and made into 
charcoal for the iron furnaces at Iron Mountain, Pilot Knob and in 
Crawford county. The various lead furnaces, which have been worked 
for nearly two hundred years, have also drawn quite heavily upon the 
timber supply. Much tie-timber is now cut all over the district, and 
hauled to the nearest points. Walnuts, though occasionally found, are 
not abundant, and not of industrial importance. In the central-south- 
ern portion of the district, in the vicinity of Hogan, the northern limit 
of the pine region of the state is reached. 

THE CENTRAL DISTRICT. 

The Central district, like the Southwestern, is an incised, tilted 
plain, which slopes to the north. The summit altitudes along the south- 
ern border are about 1200 ft. ; while about Sedalia, on the northern 
edge, they are 900 ft. As a measure of the depth of erosion, the maxi- 
mum altitude is about 1360 ft., the minimum, 400 ft. Local differences 
of elevation of 300 and 400 ft. are common. 

Topography. — Here, as in the southwest, we have both the prairie 
and plateau types well developed ; but here both of these belong 
almost entirely to the area of the Lower Silurian magnesian limestones. 

The prairie country belongs principally to the northern half of the 
district, north of the Osage, and mostly beyond the head-waters of 
its short northern tributaries. Around the heads of these, a bold es- 
carpment is plainly traceable, the line following approximately the di- 
vide shown in the drainage map on page 320. In Cole and northern 
Moniteau counties, this portion of the district is dissected by the Mo- 
reau and other creeks, and loses its prairie characteristics. In the 
extreme southern part, in northern Laclede county, the country belongs, 
to a certain extent, to this type. The characteristic features of an un- 
dulating surface, broad, treeless patches, etc., as described in the South- 
western district, are present here also. They need not be redescribed. 
No large streams traverse much of the prairie country, and there are, 
consequently, no river valleys to break its continuity. 

The pliteau country [q ihtki traversed by the Osage river and its 
immediate tributaries. The characteristics disappear as one recedes 
from these streams. On the north, the change from the flat upland 
prairie plain to the deeply trenched plateau country is sharp, and the 
line is marked by the escarpment already referred to. On the south 
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the change is more gradaal. The featares of the plateaa coantry of 
White river are almost perfectly reprodaced here, excepting, perhaps, 
for the absence of the " bench " described by Mr. Marbut. We have 
here the same deeply eroded, sinuous valleys, though flood plains along 
the larger streams are somewhat broader than in the southwest. The 
uplands are also somewhat narrower, consisting frequently of long, 
"hog- back'' ridges. The valleys are, further, not so deep, generally not 
over 200 or 300 feet below the adjacent summits. The country is tim- 
bered throughout. 

Hydrography.— The area, as shown on the map, is bounded on one 
side by the Missouri river, and into this stream all drainage flows. It 
is traversed by two large tributaries, the Osage and the Gasconade. 
The Missouri river flows through broad bottom lands bounded by 
bluffs. It is generally navigable, though, during some autumn and 
winter months, low water and ice prevent travel. Moreau creek is the 
only considerable tributary in the district, above the mouth of the 
Osage. It is characterized, in places, by comparatively broad flood 
plains, and has a peculiarly intricate system of upland meanders. The 
fall is considerable, and water powers could probably be obtained at a 
number of points. 

The Osage river is one of the most interesting and picturesque 
streams of the state. It is navigable much of the time from its mouth 
to beyond the limits of the district, and almost all the time as far as 
Tuscumbia. Within the district, the width of the channel increases 
from 400 to about 1000 ft. at the mouth. The declivity to Tuscumbia 
is nearly a foot per mile, while thence to the mouth it averages about 
half a foot. The volume of the river at Tuscumbia has been estimated 
[ 228^ vol. xvii ] to be 300 cub. ft. per second, during low water. It 
is subject to very rapid changes of volume, however, and has risen as 
much as 39 ft. above low-water mark. Like almost all of the streams 
of the state, it consists of a channel of pools, alternating with shoals 
or gravel bars which are laid nearly bare in times of drouth. Oppor- 
tunities for the development of water powers are afforded by these 
shoals at a number of points. 

As is plainly indicated on the map, the upland meanders of the 
Osage are remarkably developed. From the mouth to the point where 
the Osage enters the district in Benton county, the distance, following 
the general course of the river, is about 90 miles, while following the 
meanders it is twice this, or 181 miles. The details of these meanders 
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are the same as in the Boathwest. The precipitoas blaff of the dowD- 
stream side and the gradaal slope of the up-stream side are especially 
well shown. 

Tributaries of the Osage. — The principal tribntarles of the Osage 
are on the soath side of that stream. In fact, the shortness and insig- 
nificance of the northern afflaents is to be specially remarked ; the 
only considerable one is Grand river above Warsaw, and this flows 
more from the west than from the north. On the soath side we have, 
as large tributaries, the Pomme de Terre, Niangua, Auglaize, Tavern 
creek, and their forks. 

The features of these streams are similar to those of the Osage. 
They all have upland meanders — their amplitudes being proportional 
to the size of the stream. The flood plains are of considerable width, 
especially near the Osage. The declivities are generally great, and 
these streams are further fed by large springs, which, together, present 
conditions favorable for good and durable water powers. 

Springs, — Bryce's spring, on the Mangua, which is considered the 
largest, is claimed to yield 8000 cubic feet per mmute [ 2;38j vol, xvii^ 
p. 364], Gunter's spring, also flowing into a fork of the Niangaa, 
is another with an approximate flow of 4000 cubic feet per minute [S]. 
A mill is kept running from this spring, which utilizes only a small part 
of the water. The views on the opposite page illustrate some of the 
features of this locality. There is mach of natural beauty in the coun- 
try here, and the clear water, large limestone caves, natural bridges, 
etc., are features of interest. All these springs issue from oi^enings 
in the limestone country rock, many of which enlarge into caves ; 
they are really outbursting Hubterranean streams, which are powerful 
agents of under-ground erosion. Did time permit, it would be inter- 
esting to describe and discuss other features of these springs and 
caves; we hope to have opportunity to do this in some later publica- 
tion. 

The Gasconade drainage occupies only a small patch in the south- 
eastern corner of the district. This river has all of the features of the 
Osage. Particularly to be noted here, also, are the strong meanders 
and the shortness of the northern tributaries. The distance io a straight 
line between the points of entrance into and outflow from the district is 
30 miles; following the meanders, the distance is 09 miles. The St. 
Louis & San Francisco railway here follows the divide between the 
Osage and Gasconade. At one point, as can be seen on the niap, the 
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head-waters of an Osage tributary, Tavern creek, reach up to within 
a mile of the channel of the Gasconade. 

Soils — The northern, and especially the northwestern part of this 
district, is characterized by rich prairie soils. This portion is just on 
the margin of the glacial deposits, and possibly some part of these ex- 
tend into it. Most of the soils are, however, residuary. The prairie 
soils extend southward to the breaks of the Osage. Over the plateau 
country good residuary soils are found on the broader hill-tops, and in 
the troughs of the valleys. The narrower ridges are chert-covered and 
rocky, and are hardly arable land. Along the Osage, Gasconade and 
larger tributaries, alluvial loams, consisting of transported material, are 
spread over the bottom lands; these lands are subject to overflow in 
times of high water, often with disastrous results. 

Forestry — The forestry of this district is also similar to that of 
the southwest. Over the prairie country the growth of timber is some- 
what sparse; over the plateau country it is thicker, though the trees 
are not very large. The growth of oak is, however, fair, though not 
extraordinary. Post and white oaks supply a large tie business. These 
ties are hauled from all parts of the country for miles, and are dumped 
into the Osage or its tributaries, and floated thence to the railroad at 
Warsaw or Bagnell, or to Osage City, at its month. Along the river 
bluffs, these dumping places, or chutes, are conspicuously marked by 
strips, extending from the summit to the water's edge, 100 or more feet 
wide, destitute of vegetation or soil, down which the ties are slid. 

OBiaiN AND FOBMATION OP TOPOGBAPHIO PBATUBBS. 

Before leaving this subject, it will be interesting and profitable 
to inquire into the history, and to attempt to explain the reasons for 
the features of the topography which we have thus far briefly described. 
This has been done in part already, at least by inference. Much has, 
however, not been touched upon. The features which seem to us 
most remarkable and worthy of special attention here are : 1 ) the 
plains of the prairies and plateaus ; 2) the meandering valleys of the 
streams ; 3) the positions of the divides between the principal streams. 

In order lo determine the origin of these features, it is necessary to 
consider the geologic history and structure of the region. Certain facts 
of geology have already been given in the preceding pages, and the 
whole subject is fully discussed in the next chapter, to which reference 
should be made for any details introduced in the present connection. 
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History of drainage, — The begioniDE of the ecalptaring of tbe 
present land forms in Miseonrj, we assigo to the time of the post-Oar- ' 
boniferona uplift, when the newly deposited Ooal Measare rocks were 
broaght above the aor&ce. Then, all of Uissonri became dry land^ 
excepting the MieBissippi embaytnent of the extreme aoatheast. 




From the distribution of the then surrounding seas, from thethin- 
js of any Coal Measure deposits which may have extended over tbe 
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Ozarks, and, from our knowledge that this was an area of uplift since 
« Archean times, we are warranted in concluding that the Ozark area of 
southern Missouri was the most elevated portion of the state during 
this period. The first, or the '^constructional " surface must have been 
dome-shaped, and the streams must, from the beginning, have flowed 
radially from the center, somewhat as today, as shown on the opposite 
map. This dome was, moreover, a quaquaversal arch, composed of 
strata of limestone, sandstone and chert, dipping conformably with the 
surface. 

The probabilities are that the main drainage lines of the state were 
determined by constructional features, and became defined immediately 
after this uplift. The Mississippi river we regard as a product of the 
Ozark, the Cincinnati and the Wisconsin-Minnesota uplifts combined; 
the lower Missouri was similarly the result of the Ozark and Wiscon- 
sin-Minnesota uplifts ; White river established itself between the Ozark 
uplift on the north and the Boston mountain monocline on the south. 
Spring river and the upper Missouri could not have been defined until 
later, until after the post-Mesozoic uplift of the Bocky mountains. Up 
to that time, the drainage of western Missouri most have been west- 
ward into the Mesozoic seas of Kansas. 

This post-Mesozoic uplift shifted the divide from within the state 
border to the far west. It was probably accompuiied by aome flexing, 
which may have assisted, at least, in locating Mpiing river and ihe Mis- 
souri river north of Kansas Oity. With this nplifti a grmxt volume of 
water must have been thrown into the Missouri chaonel from the west- 
ern country, much augmenting theimportsooe and ditties of that stream. 
It is probable that the drainage of the Oztak mrm was itself little 
affected by this post-Mesozoic uplift to tlie wost. 

The original rise of the Ozark dotue wm iuit«woinpanied by flex- 
ing or by specially great disturbaoee 4ft ^aw?4rt«ii,mi1 the surface was 
probably a plain from the begioiiii^^ ^Eo-snlMtHaztoiit this plain re- 
mained unbroken is dependent uyifu Utt k m gl L fttlf time i>ocupied by 
the uplifting. Perhaps deriii4«liikm Mtfl 'lanMiiii ipto^gressed during 
this process, and perhaps Uf libr -Umk mmmui mm entirely almve 
water the surface was alrss4y iuumti . Hi issiSiSt {probable, however, 
that the degradation wm ^mf jfMii. mmmt lttnlJ|y, the surfaoe was 
still comparatively sm#MHi» il»i|i/r:iliMliiffnmiiimie stwle had emei|red. 
This primeval i^xiviwt*M hih iMiy'riMScAlKjnHlWlltOtoiu. 
G— 22 
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Origin of the Plains — What is the origin of the plains of soath- 
ern Missoari, as represented in the prairie country and in the uplands 
of the plateau country thus far described ? Are they merely uneroded 
portions of the original plain ? We think not. This allows too little 
for the forces of erosion to have accomplished during the long time 
which has elapsed since the end of the Coal Measure epoch. Further, 
hills exist, at points, well above the general level of the plain, some- 
times rising abruptly, mesa-like.* These are composed of strata be- 
longing geologically above those of the surrounding plain. They are, 
hence, outliers or remnants of strata which have been removed by 
erosion from over the present surface. 

Do these plains represent a past base-leveled condition of the 
country, a peneplain formed, perhaps, long after the first uplift, suffi- 
ciently long for all of the original surface to have been eroded down 
to a lower plain, which was later re-elevated and re-eroded to the pres- 
ent condition ! t This idea is not without support, and deserves further 
consideration ; but other reasons prevent us from accepting it, at least 
for the present. The principal of these reasons are: 1) there is lack 
of positive evidence of such a past base-leveled condition ; 2) the hy- 
pothesis requires a precise adjustment and correspondence in dates of 
earth movements and stages of degradation which we do not see good 
reason for; 3) it requires an extension of the base-leveled condition 
which seems extreme ; 4) we think the phenomena more readily ex- 
plained by other hypotheses. 

The hypothesis which we advance is that these prairie and plateau 
plains are primarily due to the fact that the slope of the surfaces has 
always been and continues slight, as is indicated on the contoured map 
on page 320. Consequently, the flow of the streams has been so slug- 
gish that general atmospheric degradation has nearly kept pace with 
the corrasion of the streams and the formation of the valleys. As a 
result, the whole surface has been denuded simultaneously. This con- 
dition is attributable, first, of course, to the gentleness of the original 
constructional slope; the horizontality of the stratitication has helped 
to perpetuate it. The streams were unable to select soft rocks for 
channel cutting, as in a tiexed rej2:ion, and have had to slowly cut their 
way down throu<j:h liat layers. Much of the area of the plains is 

•No rtuoh hills exist within the area of thf mining (iistricts delined, bat they are wt-U ilevcl- 
oi)eil along the western b')nler of Hates county, not far norih of Jasper county. 

+ This iilea is in harmony with an interpretation of other pheuonr^na advanced by Prof. Wm. 
M. Davie, of Tlarvard university, which will be referred to later. 
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nnderlain by Coal Meaenre roeke, which are readily acted upon by 
6ab-aerial agents of erosion. Wherever the local declivity has been 
great, the streams have cut their valleys rapidly, have snnk below the 
general level, and their tributaries have dissected the adjacent country. 
In this way have arisen the plateau areae of White and Osage rivers. 

Secondarily, au a factor in the production of these anrfaces, it 
is probable that, where streams have corraded so elowly, broad fiood 
plains have been developed at different levels at different times. Thus, 
many Hat stretches, which may now be removed from the formative 
streams, are, perhaps, to be considered as of tbe natare of terraces 
markinK the flood plains of a past stase of erosion. 

Finally, we mnst recognize as an agent in producing these resnlts, 
the Tertiary or early Pleistocene submergence or overflow, which 
much of tbe prairie country of the western part of the state appears 
to have been subjected to. This is discussed in chapter X; the evi- 
dence rests principally upon the existence of chert gravel over tbe 
country adjacent to the larger streams. During this period of over- 
Sow, mucfa mnst have been done in tbe way of tilling the inequalities 
of tbe surface with clays and gravels, resulting in the production of 
plains. 

River Meanders — The peculiar upland meanders of White, Osage, 
Big, Gasconade and other rivers of soutbern Miaaouri have already 
been described in a general way. Tbe most remarkable fact about 
these sinuosities is that they are not in flood plainfl, but are around 
spurs of higb upland country. This is well illustrated io the following 
cat, as are otber details, which we wiil now proceed to consider. 
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It is to be par(ical»r1y DOted that tbe channel of the stream oon- 
stantly hugs the hills on the side impiDged by the carrent, and here we 
find precipitous blaffs maintained. On the " lee " aide of the stream are 
each alluvial plains as exist, whence the slopes are normallj' genlle to 
the summits. The points or promontories of the uplands, which are at 
times nearly surrounded by the loops of the river, slope somewhat 
gradnally toward their ends, anil do not terminate in bluffs. These 
features are of general occurrence along all of the streams referred to. 
They cannot be brought out on maps of a small scale; but ou maps of 
one mile to tbe inch, with 20 ft. contours, recently constructed by the 
Geological Snrvey, they are clearly shown. 

These meanders, more particularly of the Osage, have been ibe 
snbject of some discussion between Prof. Wm. M. Davis and the writer 
[ 69, S^fJ ]■ Prof. Davis' explanation is that they have been developed, 
by elevation and corrasion, from flood plain meanders of the stream, 
which originated daring a past base-leveled condition of the country. 
This is in harmony with the base-level hypothesis of the prairie plains. 
Bat here, as there, base-leveling does not seem necessary. 

If we take the case of a stream with a slightly sinuous course and 
of considerable declivity, moderately incised in a nearly flat, or even 
in an undulating country of horizontal strata (conditions such as woold 
exist with a newly emerged land surface) we can understand that mean- 
ders will tend to develop somewhat as they do in the alluvial plain of 
a stream which has reached base-level. Where the current impinges, 
sapping will increase the convexity, and the sinuosities will become 
more pronounced. Inasmnch, however, as the declivity of the stream 
is great, corrasion is still active, and the channel sinks vertically at the 
same time that it moves laterally, the action thus differing from that of 
a stream in a base-leveled alluvial plain. As a natural result of this 
process, we can see how the stream will eventually shape for itself a 
tortaouB and steep-sided valley, with very narrow flood plains, until 
the channel has reached base-level, when corrasion will cease and 
lateral degradation will increase; then, swinging from bluff to bltiGT in 
a secondary system of sinuosities, the stream will sap its bordering 
hills and widen its flood plains. 

Expressed in general terms, then, the view here advanced is: that 
under certain conditions of declivity and stratigraphy, streams will 
ac()utre meandering courses, irrespective of whether the country be a 
flat plain or not, and irrespective of whether the orfgioal lines of flow 
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be decidedly sinaons or only gently carving; the radius of developed 
meanders will, of course, in any case be proportional to the volume of 
the river. 

This conclusion seems to follow logically from the premises that 
■all rivers exert a sapping as well as a corrading action, or, in other 
words, that they tend to erode laterally as well as vertically. To pro- 
duce these special results, it is necessary that the declivity be not so 
great that lateral wear becomes altogether insignificant as compared 
with vertical wear ; or that stratigraphic conditions be not such as to 
entirely thwart these tendencies of running water. In a strongly flexed 
region, for instance, the drainage is largely controlled by the attitude 
of the rocks. A country of horizontal strata of moderate resistance, 
such as those of the Ozark plateau, is particularly favorable to the 
development of a swinging course. Where soft and hard beds, like 
shale or limestones and cherts, alternate, we can readily conceive how 
a stream of comparatively rapid fall may move or expand its meanders 
considerably while cutting only a slight depth through underlying 
resistant beds. 

Mr. Marbut has called the attention of the writer to the fact that 
such meanders do not characterize all of the streams of the region, 
and that they appear to be excluded from the prairie country of Oar- 
boniferous rocks, and to be confined to the Lower Silurian magnesian 
limestones. He has suggested that the cause lay in the character of 
the rocks. To us it appears that it lies, rather, in the fact that the 
declivities of these streams are less; they are nearer base-level, 
whether this be merely temporary or not, and, if ever such prominences 
existed, ihey have been worn away to produce the present alluvial 
plains. Further, along small streams, where the declivities are very 
great, we do not find, nor do we expect to find, such meanders. Here 
€orrasion sinks the channel too rapidly for lateral wear to be great. 

Positions of Divides. — A peculiar fact concerning the divides 
between some of the larger streams of southern Missouri is the ine- 
quality of the width of the drainage area of the two sides ; or, other- 
wise expressed, the differences between the lengths of the tributaries 
on the north sides and those on the south sides of such streams. This 
is notably the case with the divide between White river and the Osage, 
between the Gasconade and the Osage, and between the Osage and 
the Missouri rivers. With all of these, the tributaries flowing south- 
ward are much shorter than those flowing northward ; in fact, along 
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the Gasconade the divide on the northern side runs along the very 
blnfFs overhanging that stream. 

The explanation of this remarkable feature is to be foand, we 
think, in the original, constructional, northward slope of the surface, 
and corresponding dip of the rocks. It was, probably, much more 
pronounced in the early history of the drainage. The tendency has 
been to equalize the area by a shifting of the divides, and this tendency 
is still maintained. It will continue for some time, but we must ulti- 
mately look for the reverse of the present conditions. 

The reason for this will be best understood by a study of the follow- 
ing series of diagrams. If we consider A to represent a cross-section of 
the country at the time these streams first occupied their positions, we 
see that the surface was then sloping gradually northward from the 
crest of the Ozark to the Missouri river, and southward to White river. 



> 






Fig. 15. Diagram Illustratliigslilftln^f of divicU's. 

Under these conditions, the depression repres'^nting the White river 
trough, however originating, would have affluents only from the north, 
while those representing the Gasconade, Osage and Missouri rivers 
woulu receive such only from the south. As these streams became 
"consecjueut " and lowered their channels, tributaries on the opposite 
sides would begin to etch back the divide lines. The longer the period, 
the farther back would these tributaries extend, passing through stage 
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B to the stage G. The former (B) represents approximately the present 
condition. As White river is at a lower level than the Gasconade or 
Osage rivers, it is to be expected that the divide between it and these 
streams will continue to migrate northward antil the declivity on each 
side becomes the same. It will then be in a position of eqailibriam, 
though unstable. This is true in a general way, though stratigraphic 
and other conditions exert modifying influences. 

We will conclude this chapter on the topography of southwestern 
Missouri with these remarks, though, confessedly, somewhat reluct- 
antly. The ideas presented have been more in the nature of sugges- 
tions than established theories ; it is to be hoped that they will lead 
others to study the ground more thoroughly and to inquire into causes. 
The field is a profitable one for future work, and there is much in it that 
needs elaborating. The topography of Missouri can well be made a 
subject of a separate monograph. 




Tbe formalions of the three mining districta are: the ArcheaD. the 
Algonkian, the Silarian (with poseibly some Cambriaa), the Devonian, 
the Lower CarboniferouB and the Coal Measures; above theae, in 
places, are certain unconsolidated beds of probable Tertiary age. These 
formAtiona make n[> all of southern Missouri, and the stratigraphic 
problems of the region Are the problems of the districts. Oerlain of 
these problems will receive consideralion here, but we shall not under- 
take a full discussion of them. More work is needed and more detail 
is to be acquired before this shonld be attempted. We shall endeavor 
to make this chapter, primarily, a description of actual occarenoea and 
conditions in the respective districts, introducing in detail only sncli 
facts and couclusions as are new, and are coutribulions of our know- 
ledge of the localities. 



THE ARCHEAN. 

The Archean rooks are confined entirely to tbe Southeastern dis- 
trict. They consist principally of tbe acidic eruptivea, granites and 
porphyries ; these are traversed in places by dikes of basic eruptivea, J 
iutraaive in the former and consisting mostly of diabase. A special'] 
report on these rocka has been prepared by Prof. Haworth, and iaa 
now awaiting publication. Moreover, they have been, in part, quite 
folly described in a recently issued report on the Iron Mountain sheet ; 1 
and in the deacriptioti of the Mine La Motte estate, in a later chapter J 
of this report, much additional detail ia given. Hence, in this eonueo-' 
tion, only a brief statement wilt be presented, for which we are largely I 
indebted to Mr. Haworth's Iron Mountain report. 

ItigtribuUon The exposed areas of these rocks are clearly showa'i 

on the map. They occur in hills of the St. Francois mountains, suf- 1 
ronnded by Silurian rocks in the valleys. The larger portion of thft'] 
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exposures represented on the map consist of porphyry ; the granite is 
confined almost exclusively to the portion lying east of the line be- 
tween ranges 4 and 5 E., and north of the parallel running through 
the Einstein mines. 

Dikes are not very abundant, and show themselves at the surface 
at scattered points, covering small patches, too small to be represented 
on the map. 

Lithology. — The porphyries are generally red or brown, and are 
composed principally of quartz and feldspar, with small grains of iron 
oxide scattered through them. The texture is fine-grained and homo- 
geneous, and, rnder the microscope, is holocrystalline ; larger porphyri- 
tic crystals of quartz or feldspar occur, scattered through the ground 
mass. The wavy lines, known as flowage structure, are also presented. 
The rock is frequently brecciated, the fragments themselves being com- 
posed of porphyry. 

The granites are generally of a pink color. The constituent min- 
erals are principally quartz and feldspar ; in a few places black mica 
occurs, but it is not evenly disseminated; hornblende is very rarely 
found. In texture they frequently approach the porphyritic, and the 
feldspar sometimes occurs as a ground mass, in which quartz crystals 
are imbedded. In other cases, the constituent crystals of quartz and 
feldspar are clearly separable, and are in nearly equal proportions. 

Regarding the relations of the granite and porphyry, the con- 
clusion has been reached by Mr. Haworth that they were *' formed 
from the same or similar molten magmas, and that their differences in 
texture are probably due to their solidifying under different physical 
conditions, and, secondarily, to a slight lack of homogeneity in the 
magmas." 

Diabase is usually found in well-marked dikes or bosses. The 
dikes vary in width from less than an inch to over 150 feet. They 
usually trend NE.-SW., with nearly vertical walls. The rock is dark 
green in color, sometimes nearly black. The principal minerals are 
triclinic feldspar, augite and olivine, with accessories. In texture, these 
rocks vary from coarsely granular to very compact and glassy. 



330 LEAD AND ZINO DEPOSITS OF MISSOURI. 



THE ALGONKIAN. 

The Algonkian rocks are confined essentially to a limited patch at 
the top of Pilot Knob, in the Soatheastern district. This is a remnant 
of a former extensive mass. They are of little importance to the 
present report, and hence will be passed by with only a brief reference* 

These rocks have been quite fally described in the recently issaed 
Iron Mountain sheet report and in earlier publications of this Survey. 
They consist principally of conglomerates and slates, capping the knob 
and aggregating about 200 feet thick, including a bed of specular iron 
ore. The slates show bedding structure very perfectly in places, 
though elsewhere it is absent. The conglomerate consists of frag- 
ments of porphyry included in a fine, felsitic matrix, containing varying^ 
amounts of hematite intimately intermixed. 

THE SILURIAN. 

The rocks of the Silurian system are represented in each of the 
three districts. They are the surface rocks over the largest portion of 
the Soatheastern district and over almost the entire Central district,^ 
and in these areas they contain all the important lead and zinc depos- 
its. The aggregate thickness of the rocks is probably not far short of 
2000 feet, though it is doubtful whether this thickness is represented 
at any one place.* 

At the base of the Silurian rocks are the Archean crystallines, and, 
possibly, the Algonkian, under now covered areas. Rocks that have 
been thought to be Cambrian occur near the base at some localities,, 
but the evidence is opposed to this conclusion. The upper limits vary 
because of unconformity ; they may be marked by Devonian, Lower 
Carboniferous or even Coal Measure strata. 

Stratigraphio range. — The rocks range from the Lower Silurian to 
the Lower Helderberg of the Upper Silurian. Of importance to the 
mining districts is, however, only the Lower Silurian, and of this the 

* Iq ihe St. LoniB insane SBylana well, the rocka asBigned by Itroadhead to the Trenton, Black. 
River and Bird's Kye limestone are 421 feet thick, and those assigned to the Ozark stage 1499 feet, 
aggr.'gating 1920 Jeet. Near SalUvan, in Franklin ounty, a ciriU-liole has boon sunk, In which 
granite was encountered at 1100 feet. This hole was started, however, well below the top of the 
Ozark stage. At Jefferson City, a drill-hole beginning below the Saccharoldal or Uoiibidoux sand- 
stone, penetrated IIGO feet without reaching crystalline rock. At Carthage, a hole struck porphyry 
at a depth of about 2000 feet. Of this, all below 4(0 or 600 feet are probably inembere of the Ozark 
Btries. 
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rocks beloDging to what is kaowD as the Ozark stage are almoBt the 
only ones eoooantered. The following descriptioDa apply priucipally to 
these. In the subjoined table a provisiooal classiScation is offered, 
which will be followed in the descriptions. 

TABLE OF LOWKR SILDRtAH FJBMlTIONS OF TBI MINING DISTRlCrB. 
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Lithology.'-By far the greater porlion of the Silnrian rocks are 
magneeian limeBtonea; next in qnanlity are the sandstones and cherta, 
and last, are the Bbales and conglomerates. 

Limeilones.— la fextnre, the limeatoneB vary from very fine, like a 
slate or shale, to coarsely grannlar, composed of a mass of small Crya- 
talB. Tbey may be dense and homogeneons, or pitted, poroos and even 
vesicnlar; in sach latter the cavities or pores are generally lined with 
minute dolomite crystals, and sometimes with qnartz and other minerals. 
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Some varieties develop a very open structure on weathering, doe 
to inequalities in composition. Tbis is particularly observable in some 
of the Trenton beds, bnt it also occurs in those of tLe Oztirk series. 
Bnch rock lias almost the appearance of a tufa. lu instances, a brec- 
cialed sirooture is observable, probably due to some movement, or to 
a partial solution of the rock along certaiu lines, followed by breaking 
down and recementing of the fragments. Sach brecciation is repre- 
sented iu the railway cat above Mansfield, and at other points. These 
limestones sometimes occur iu thin and even shaly layers, bat are gen- 
erally in massive beds, often 15 and 20 ft. thick. 

The color is generally light or dark gray on fresh fracture, sod a 
yellowish tinge is often acquired on exposure. Some beds of red, pink 
and brown colors are classed as marbles. 

The more crystalline and granular rocks are generally very tough, 
and difficult to break, while the more earthy and finertestured varieties 
are often fragile. 

In composition, these are magnesian limestones, containing a large 
percentage of magnesia, though generally with less than a theoretical 
dolomite. In some, crystaltiae masHes of calcite are included, indicat- 
ing an excess of lime. The opposite table illnstrates the ranges In 
composition. 

This table shows that some beds contain very liltle magnesia, 
noticeably those which are claBsed as marbles. Others are high in 
silica and alumina: in some of these, quartz grains were quite noticea- 
ble to the eye, and often make up a large part of the rock, such that it 
grades into sandstone; similarly, with regard to alumina, a transition 
into shale can be traced. In some beds, particularly in the southeast, 
a large percentage of chlorite is uoliceable, sufficient to give the rock a 
distinct green color; such rock has also been observed near Protem, 
in Taney county. One of the best defined varieties of the maguesian 
limestone is what is known ae oolton rook ; this is of a white or cream 
color, very tine grained, homogeneona and dense texture and some- 
what earthy in appearance. It is always very evenly bedded, iu layers 
a few inches to 2 ft, thick, coustitnting strata 20 to 30 ft. thick ; its 
fracture is semi-conchoidal ; it ie easily quarried, and is much used for 
building purposes, but often becomes discolored on exposure. It is 
most abundant iu the Central and Southwestern districts. The more 
granular limestones are tougher aud harder to work ; but they are 
more durable, and some are exceedingly strong. 
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As to the origin of the dolomites, no original investigations have 
been condacted. Observations lead one to believe that they were in 
part originally deposited as dolomite, and in part have become so 
through secondary alteration. In support of the first, we woald refer 
the reader to a large namber of analyses of consecative layers of St. 
Loais limestones, published on pages 76 and 77 of Bulletin No. 3 of 
the Missouri Geological Survey. From these it will be. fteen that 
highly maguesian layers alternate with others almost entirely destitute 
of that material. It is difficult to understand how any secondary pro- 
cess of alteration can be so sharply limited. On the other hand, the 
general magnesian character of the great mass of Silurian limestones 
within the mining districts, their porous structure and other phe- 
nomena, more than suggest the result of secondary action. 

Begardiug the origin of the marbles which are found associated 
with these limestones,, we have already expressed the idea [249, p. tW] 
that the low percentage of magnesia may have something to do with 
it ; the idea is further supported by the absence of magnesia in the 
Crawford county specimen of the above table. 

Cherts.— (JheriB are not so abundant as limestone, but they are, 
perhaps, equally conspicuous, because of their comparative indestruc- 
tibility. Large residuary accumulations are found wherever such 
cherts are present. They are distributed throughout the whole Sila- 
rian section, though apparently less abundant in the lower strata, at 
least as existing in St. Francois county, where the lower 500 ft. or 
more are nearly destitute of chert. In the Trenton limestone, chert is 
also not abundant, though it is found here in small isolated lenses and 
in thin layers, running parallel to the stratification. 

Chert occurs in beds sometimes as much as 6 ft. thick, though 
generally the beds are thinner and are frequently mere lenticular layers* 
It also occurs in nodules and in irregularly-shaped masses in lime- 
stone. The beds of chert alternate with limestone beds. Sometimes 
it is intimately mixed with the limestone. « 

The texture of the chert is often smooth and glassy, very hard, and 
breaking with a sharp semi-conchoidal fracture; it is sometimes oolitic, 
sometimoH dense or f,^ranular, friable and soft, like sandstone of a very 
line texture. It is also porous and vesicular to tufacjeous ; it is some- 
times hreeciated - tlie fragments bein^^ cemented by amorphous silica 
or lime. Several varieties are illustrated in the opposite plate. 
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The color is generally darkgray or bluish, sub-translucent, also 
white to yellow and red, of an earthy luster. 

In composition, these cherts, when not visibly mixed with foreign 
materials, are almost pure silica, mostly of the chalcedonic variety ; 
sometimes, however, more or less lime is diffused through them. 
Visible impurities, such as sand, limestone, shale, etc., are frequently 
found enclosed. The composition of the Lower Silurian and other 
cherts is shown in the table of analyses introduced in Dr. Hovey's 
paper on Missouri cherts, which forms appendix A of this report. 

Where chert occurs in thick beds, these are noticeably cellular, 
and have often a brecciated appearance. Their contacts with the under 
and overlying limestone beds are also more or less uneven. The 
thinner layers are generally more compact; they, as well as the chert 
in the nodular form, have more regular outlines. Sometimes, howevert 
these outlines are very irregular, the chert apparently filling cavities 

and crevices of the limestone both above 
and below. This is well illustrated in 
the adjoining sketch, made from an ex- 
posure at Tuscumbia, in Miller county. 
Many of the white cherts decompose 
Fig. 16 Chert in limestone at Tascnmbia. on exposure and bccome soft and friable- 
like chalk ; this is doubtless due in some cases to the removal of lime 
disseminated through the rock, for some of the very densest and hard- 
est cherts effervesce with acids. Sometimes, in these chalky cherts, 
there are specks and small patches of a black, flinty-looking chert, 
which is doubtless formed by secondary concretionary action. 

In Southeastern Missouri, there is found at some localities in great 
quantities a drusy quartz, known as "moory flint" and as '^mineral 
blossom." It is illustrated in the plate. This form of silica deserves 
consideration here. It occurs in pipes and irregular sheets, filling or 
lining small cavities and crevices in the magnesian limestone. Fre- 
quently, in particularly decomposed outcrops, the chert covers the 
exposed surfaces of the limestone. This chert is composed essentially 
of amorphous silica in thin, chalcedonic layers. It is generally coated 
uniformly with minute quartz crystals. Occasionally, quartz crystals 
cover the surfaces or fill crevices and cavities of other varieties of 
chert ; but they are nowhere so abundant as upon this drusy quartz. 
Other forms of vesicular cherts exist, but they are simply masses of 
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ordinary cbert filled with small cnvities, the larget 
often lined with quartz crystaU. 

All extremely intereBttng vanely of chert, quite abuudant in these 
rooka, is au oolitic chert, compoHed of minute spherical grains of 
silica. Sometimes the whole mass of the rock is thus constitnted; 
sometimes the structnre is coiifiued to bands which alternate with 
dense layers; sometimes, the oolitic chert encloses brecciated-like 
frftguents of white, dense chert, and is then erideotly of later forma- 
tion. The spherules are generally smaller than a pin's bead, are com- 
posed of silica, have a concentric structure, and sometimes a central 
cavity. They are held generally in a matris of amorphous silica, though 
sometimes the matrix appears to be calcareous. A removal of the 
little spheres frequently gives a pitted appearance to the rock. Some- 
times, grains of sand are cemented together by similar amorpbons 
silica, producing an ooliticlooking rock, which it is difficult to know 
whether to classify as a quartzite or a chert. 

Rocks formed of a mixture of chert and limestone are of common 
occurrence, and are of much interest. The two substances sometimes 
exist in the shape of small, lenticular sheets, ' "''" ' 
closely interleaved, and sometimes the massen 'J 
are of irregnlar shapes and interlock, sonjc 
what as is illustrated in figure 17. Sometimes. 
the mixture is very intimate and the limestone 
can only be separated by etching with acid."- '" '■ 
When fossils are observable, the chert generally exist 
the original cavities ; but, in rare cases, it ii 
shell itself. 

In nodular and lens-shaped masses, the concentric structure is 
often developed, and distinct banding is very 
commoQ. The adjoining sketch, made in the 
i Sophia eat, at the Framet mine, illustrates 
one such condition. In a few cases specimens 
have beeen seen in which thin bands of chert 
' and sandstone alternate with each other. 

A quite complete microscopic and chemi- 
cal study of these cherts has been made in connection with this report. 
The results are presented in appendix A, together with those of the 
Carboniferoaa cherts. 
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Sandstones.-'The sbndstoneB of the Lower Silarian occur in strata 
from 1 to 50 ft. thick ; they are found in thin, flaggy layers, or in heavy, 
massive beds ; the latter are generally false bedded, and exhibit an 
irregular contact line with the underlying formation. 

The most important sandstones are friable and soft ; some are per- 
fectly white, and contain over 99% of silica; others, especially near 
the base of the series, are ferruginous, coarsely grained grits, with 
admixtures of porphyry, or feldspar when near the Archean area. 
Some of the sandstones are decidedly calcareous and grade into lime- 
stone. 

In southern Missouri, thin beds of well-indurated quartzite occur ; 
these are often of vitreous luster, and require careful observation to 
separate them from the cherts. Even in some soft, friable sandstones, 
patches of quartzite are found arising from segregating action. 

Some sandstones contain visible fragments and specks of chert, 
derived from underlying rocks. This is an interesting fact, indicating 
unconformity, and showing that the cherts were already consolidated 
at the early date of the deposition of this sandstone. The sandstones 
are normally of a gray or bluish color, but white, red, yellow and even 
green varieties are found. They are all non-micaceous, and in this re- 
spect differ from Lower Coal Measure sandstone. 

Shales. — Shales are not very abundant, and occur principally 
among the lower strata of the series ; they are drab, blue or greenish, 
never black ; are crystalline, calcareous, arenaceous, and grade into 
shaly limestone. The individual strata seldom exceed 10 to 15 ft. in 
thickness, and these do not seem to be persistent. 

Conglomerates. — The only conglomerates of the system are those 
found around the Archean hills. They are composed of boulders and 
pebbles of granite and porphyry, in a clay or limestone matrix. At 
the Doe Bun mine, lead ores are mined from such conglomerates, as 
will be described later. Elsewhere they have no connection with the 
ore deposits. 

THE SILURIAN OF THB SOUTHWESTERN DISTRICT. 

The total thickness of the Silurian rocks exposed within the dis- 
trict limits is in the vicinity of 500 feet. These are apparently all 
Lower Silurian, and all members of the Ozark stage. The Trenton 
and overlying Lower and Upper Silurian beds are absent. A subdi- 
G— 23 
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vision of the aeclioo will not be attempted. The fauna is scant, and 
not snfQcieutly studied to attempt separation upon paleontological 
gronnds; no diBtinot stratigraphic breaks are recognized, and, thongb 
there are lithologic differeDcea, these have not been demonstrated to 
be persistent, nor have they been correlated with euflicient care for a 
division into sab-stages to be advisable. 

Stiatifirapliic Limits. — The npper limits of the Silnrian are here 
defined by the base of the criaoidal limestones of the Lower Car- 
boniferous, or by a bed of sandatoue, generally only a foot or so thick, 
thougb locally expanding to greater dimenBions. In the extreme west- 
ern portion; a stratum of black shales of probably Devonian age marks 
the limit. 

Corresponding to ibis variation in the npper limiting beds, the 
uppermost member of the series is not the same in different sections. 
This is due to the fact that the contact is unconformable, and a period 
of erosion intervened. 

The basal limits of the system are not reached within the area. 

Disirihiifion. — The dislributiou of these rocks is so clearly shown 
on the district map, that little need be said here. The outlines from 
Norlhview to Marshfield, and tbeuce eonth and southwest to Barry 
and in McDonald counties, were traced by Mr. Marbut daring the sum- 
mer of liS93. Northwest of Northview the limits were defined by Prof. 
Shepard. The result is necessarily generalized, and tlie outlines are 
only approximately correct. More detailed work with topographic 
maps is necessary for exact delioealion. Within the marfrinal portion 
of the Lower Carboniferous area it in probable that patches of Silurinn 
rocks are exposed, and, on the other hand, there are doubtless many 
outliers of Lower Carboniferous rocks within the Silurian area which 
are not shown. Along Finley creek, and north of Seymour, such ex- 
posures of magnesiau limestone are known lo exist, entirely surrounded 
by Lower Carboniferous beds. Similar patches are represented in 
McDonald county. The presence of such is due, probably, to irregu- 
larities of the surface of the Siluiian rocks. 

Stratigraphy and Sections — The following sections and notes 
give a general idea of the nature of the rocks at different localities. 

In township 31 N., 20 W., in 8. W. i section 15, Prot Shepard 
reports the section of figure 19, along the Pomme de Terre. 
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Id township 2? N., 19 W., section 35, N. W. }, at the 
roineB, Prof. Shepard describes the section of flgare 20. 
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Near the month of Finle; creek, he farther describes tbe section 
of flgare 21. 
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Near the month of Bock creek, on White river, is the blaff of 
Turkey monntain, which Mr. Marbat describes as exposing 400 fL of 
magnesian limestone, beneath the base of the Lower Carboniferons. 
In this whole section no sandstone was seen, thoagh a thin bed might 
have escaped notice. The rocks were shaly and massive, magnesian 
limestones. , 

On the state line, abont a mile east of where White river crosses 
it^ a section was examined bj him under rather favorable circumstances. 
Here the section of the rocks is as is shown in figure 22. 

Ft .«^^-,r.«^^> III Springfield, these rocks 

75 uoMstone, iscivdicir ckcrtj aad havc been encoontcred in drill- 

. _ boles at a depth of about 300 ft 
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In the record of the bole at the 
Electric Motor plant, given in 
the next chapter, Nos. IS to 16 
belong to the SUnrian, and ag- 
gregate about 150 feet in thick- 
ness. 

8mmi$i0ne$ of the SericM. — 
Sandstones, being readily dia- 
tinguisbable here, are service- 
able for correlation : they were 
hence specially studied. They 
rw; 22. sectiMt i>««T vn^it^ river are recognixed at several hori- 

zons^ but are^ apparently, not persistent, Mr. Marbnt, in his recent 
esLamination of this area^ measured and located all important outcrops 
of these sandstones which he encountered. His results are included 
in the following table. The altitudes were determined with the An- 
eroid barometer, and are at best only approidmate. In the. whole area 
examined. Mr. Marbnt states that no sandstone more than 20 ft. in 
thickness, with |>ossibly two exceptions, was seen, most of the ex- 
posures heinc only a few feet , 5 to 10 thick. 



1» IntervAl to W^it* river. 
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LOCATION AND ALTITUDES 


OF SANDSTONE OUTCROPS. 


No. 


TowDihl 


Ip. Section. 


Altitude, 
A. T. Ft. 


Thickness, 
Feet. 


Notes. 


1 


21N,26W 

21N,26W 

21N, 24W 
22N,2.')W 

22y,24W 

k k 

& k 

k m 
k k 
4 k 

22N,23W 

kk 

22N, 22 W 

k k 

22y,2lW 

k k 

k k 
k • 

( k 

i k 

k k 
k k 

23N,26W' 

k k 

23N,25W. 
23y,24W. 

k • 

k k 

23N,21W. 

k k 




1000 
1060 

1170 

1000 

1035 

985 

1095 

1095 
950 
900 
980 
890 
855 
990 

850 

970 

1030 

1070 

846 

1080 

1090 

1065 

955 

925 

1100 

1115 

1210 

1100 

1095 

1100 

11^90 

1030 

1020 

950 

935 

900 

985 

1100 

1200 

1060 

1000 

1320 

1300 
to 1400 

1500 






2.. 






Contact with Lower Car- 


3.. 


.,.. 27 


5 

15 


bonlferouB, 1 mile 8 

1190^ A. T 

Altitude of river here'= 


4.. 


.... 18 


885^ 

Reddish— 160' above river 


5 


.... 20 

.... 3 

.... V.....*..... 




6 




Contact 4 miles Sfi.=1100 


7 


.... 11 




Sandstone, fossillferous. 


8.. 


.... 12 

.... 18 

.... 18 

.... 9 




underlain by chert 


9.. 






10.. 






11.. 




Indurated 


12.. 


.... 11 
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On east Hide of Swan creek 

In bed of Swan creek at 
Boston 

Same as last, at county 
line, 320 f(. below base of 
Carboniferous 


43.. 26X.17Vr. 
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44.. 
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100 ft below contact ... 
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In bed of Bryant's branch. 
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The section of Turkey mountain, referred to above, compared wltb 
those along White river, yields evidence of the nonpersistence of these 
sandstone beds. Between No. i of the above table and Viola, Mr. 
Marbnt notes a few outcropa of thin sandstone beds. These and other 
exposures he describes as follows: "The rocks, for more than 150 ft- 
above the river, on the east side of Kings river, at Viola, were well ex- 
posed in the road, but there was no sandstone visible up to that 
height." Other iDcODBpicaons exposures of sandstone occnr along 
Indian creek, but they all apparently represent very thin beds. 

South of Kirbyville. near No. 27 of the above table, along the 
Harrison road, Mr. Marbut describes a bed of considerable thickness, 
about 50 ft. below the contact of tLe Carboniferous rocks. Such was 
seen here by the writer also. Quite close to the contact in this vicinity, 
large masses of white sandstone were also seen, but they did not 
occur in a eoutiunous bed. Tbej proliably occupy a contact depres- 
sion in the magnesian limestone, and represent local thickenings of 
the normally thin contact eanitetone. Thus, about a mile north of the 
state line, and one-half mile east of Turkey creek, the contact sand- 
stone is exposed at a spring, and is there only a few inches thick. 

Opposite No. 44 of the table, several exposures of sandstone were 
seen by the writer, about two miles southeast of Cbadwick, on the road 
to Barber creek. These observations are included in the followiog 
table : 







Bar. 


AltltndB. 






1570 
1*30 
1840 




2... 
3... 


Contact Lower Carboniferous 

Sandstooe, brown, not over 10 ft. thlcli 


1930 
1140 






laso 











Between Garrison and Forsyth, the rocks exposed are almost ex- 
ctusively niagaesian limestone and chertn; no sandstone in place was 
observed, but fragments and slabs of sandstone were frequently seen, 
indicative of thin beds at various intervals, rather than of one or two 
forinatione of considerable tbickness. 

Tbefandstone No.41, Mr. Marbut describes as follows: "This bed 
appears to be one of the most persistent within the area examined. 
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Up the creek from Boston, it rises, and on the coanty line ( No. 42 ) 
it is at an elevation of above 1320 ft. A. T., while at Boston it is about 
1000 ft. A. T. Jast east of the Oarboniferons escarpment, in section 
6, township 26 N., 17 W.,is an exposure (No. 43) of what is probably the 
same sandstone, at an elevation of between 1300 and 1400 ft. A. T., 
and only about 100 ft. below the base of the Oarboniferons rocks, 
while at Boston it is as much as 250 ft." 

^'A bed of sandstone, apparently not so thick ( No. 44) as the last, 
is about 30 ft. below the contact, some seven miles northeast of this, 
in section 14, township 27 N., 17 W., at an elevation of about 1500 ft. 
A. T., and again about two miles northeast of this on the Ava-Sey'moui 
road. Here are two exposures ( Nos. 45 and 46 ), one 50 ft. below the 
contact, the other about 100 ft. below this. The top one was a rather 
thick bed." 

'^ In the bed of Bryant's creek, about two miles southeast of Oedar 
gap, the heaviest bed of sandstone ( No. 47 ), seen in the Magnesian 
series was exposed, having a thickness of 40 ft. to the creek bed. " 

''Dr. Shumard notes the occurrence of the Second sandstone 
about ten miles east of this. If this bed rises to the eastward, as those 
east of here appear to do, it would come to the surface of the upland 
at about this place. North of this, toward Oedar gap, a close watch 
was kept for any sandstone beds, and I feel pretty sure that none of 
any considerable thickness occur. In the hill south of Oedar gap, a 
thin bed, 2 to 5 ft. in thickness, is exposed about 60 ft. below the base 
of the Oarboniferons rocks." 

'' North of this, the surface east of the Oarboniferons escarpment, 
as far eastward as my observations extended, was so much obscured 
by the soil left from the decomposition of the vermicular sandstones, 
that no good exposures were seen. The country is not so rugged, and 
fewer opportunities for examining a thick section are given." 

A study of the above table and notes shows that there are at least 
two beds of sandstone, and possibly more, in sections at several differ- 
ent points ; but they are not persistent. This leaves out of considera- 
tion the uppermost sandstone, which occurs along the conta<5t, and 
which is probably not a member of the series; this, as represented by 
No. 17 of the table, is, litbologically, very similar to the old Saccha- 
roidal sandstone, and it is possibly at the same horizon. If this be the 
case, the so-called First Magnesian limestone, and overlying Tfenton 
and other beds, are absent in many sections. Normally, this sandstone 
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IB very thin — only a few inches ; it has been recognized, by Mr. Oscar 
H. Hershey ( apparently a careful observer ), in northwestern Barry 
county; he describes it as usually very hard, fine-grained, slightly fer- 
ruginous, generally only 4 inches thick. In places it is a very hard, 
white quartzite, lithologically more nearly related to the magnesian 
rocks. 

The Contact with Overlying Formations. — To cursory examination, 
the strata of the magnesian series are here apparently parallel with and 
conform to those of overlying formations. The question being one of 
considerable importance, special attention was given it during the 
past season's work, and we can not do better than to quote at length 
Mr. Marbut's conclusions: 

" When we remember that the interval in time, represented between 
the deposition of the magnesian limestones and the Garboniferous 
rocks, was undoubtedly a long one, we should naturally expect to find 
a great unconformity. But, with the almost horizontal position of the 
rocks of the two series, such unconformity could not be everywhere 
apparent. Further, while the upper surface of the magnesian lime- 
stones is not absolutely level, the contact, viewed over a considerable 
territory, is seen to agree, remarkably well in elevation at different 
places. " Conclusive evidences of unconformity exist, however. 
Briefly enumerated, they are as follows : 

1. "The occurrence of conglomerates, composed of water-worn 
chert pebbles, at the contact. These were not seen actually in place, 
but were observed in abundance on Jenkins creek, in township 24 N.^ 
26 W., and over adjacent townships, always immediately below the 
contact." 

2. ''The existence at many places (and probably at most) of a 
coarse sandstone, just at the contact." 

3. ''The sudden lithologic and faunal changes, and the absence 
of Devonian and Upper Silurian beds, at least over most of the area.'^ 

4. "The irregularities of the contact line. The evenness of the 
contact line in a general way has already been referred to : that is, the 
line is at a pretty constant elevation, or the slope is gradual. The fol- 
lowing table illustrates this. It gives the elevation of the contact at 
various places, commencing in McDonald county and going eastward 
down White river to the eastern limits of the Garboniferous rocks, and 
thence north to Marshfield. The elevations are based upon aneroid 
barometer readfngs, checked by reference to railway profiles, to level- ' 
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ing of the Oeological Survey over the Aarora sheet, and to an esti- 
mated rate of fall of the larger streams : 

Altitudes of Contacts Between Silurian and Lower Carboniferous Hocks. 

Lc cation, A Ititude, 

Township 21N. 33 W., Sec. 35, on Butler's creek 975 ft. A. T. 



21N. 31W., 
22N. 27W., 
21N. 20 W., 
27N. 26W., 
23 V. 25 W., 
21N. 24W, 
21N. 24W., 
22N. 23W., 
22 y. 22 W.. 
22>J. 21W., 
24N. 18W., 
24y. 16W, 
26N. 19 W., 
26N. 17 W., 
27N. 17W., 



% ( 



1 ( 



1 ( 



« I 



k t 



( ( 



1 k 



& & 



1 ( 



k I 



( k 



i i. 



fc fc 



t k 



( ( 



17, Jane P. O., White Rock Prairie 1100 

27, Roaring river spring 1 150 

29 1190 

27 : 1230 

32 1250 

4 (probably a fault.) 1280 

23 1100 

16 1090 

23 1150 

36 1225 

6 1205 

30 1280 

21 1200 

6 1480 



13 1350 

Cedar Gap 1675 

Marshfleld 1 600 

Galena , Mo (by le veJp) 975 

" The contact is seen from these figures to rise gradually, with 
small minor undulations, from west to east, the highest point being at 
Cedar gap, which is also the highest point within the area," 

" On careful examination, however, it appears that at different 
places different rocks occur at the top of the system; thus, a few 
miles south of Marshfield, a sandstone lies at the top, while a few 
miles southwest of this, at Patterson's mill, on James river, there is no 
such sandstone at the contact. At a number of points, small patches 
of magnesian limestones extend peak-like up through overlying beds. 
Such ^buried hills' are on Jenkins creek, in Barry county, and in 
McDonald county. The lower beds of the overlying rocks apparently 
flank the sides of these prominences, and doubtless originally extended 
over them. These irregularities in the contact cannot very well be 
explained by a warping at the time of submergence, since they are 
too small and too abrupt." 

"If the rocks of this system were above sea-level during the 
whole time intervening up to the Carboniferous, they must have been 
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deeply eroded. How is it, then, that evidence of a pronounced topog- 
raphy is absent! This may be explained in several ways: a) We can 
imagine the rocks having been submerged so deep during all of this 
time that no sedimentation could take place. This is difficult, if not 
impossible, to reconcile with the evidence of the proximity of shore 
lines and the formation of later Silurian and Devonian beds in sur- 
rounding areas, b) Again, we might assume them to have stood only 
a few feet under water — to have formed a submarine plain on which 
no deposition could take place. This would require an absolutely level 
or uniform contact line, which does not exist, and would also require a 
period of absolute quiet^ so long that it is scarcely conceivable, c ) Or, 
lastly, there may have been an erosion period, during which the 
magnesian limestones were above water long enough for them to have' 
been worn down to a surface of faint relief. The amount of wear may 
have been great or small, dependent upon the height above sea-level. 
This is the most favorable explanation, I think.'' 

5. ^' The fact that certain thick beds of sandstone in the system 
dip westward more rapidly than the contact line, as already described.'' 

THE SILURIAN OF THE SOUTHEASTERN DISTRICT. 

The Silurian rocks occupy almost the entire area of the South- 
eastern district, and contain all the important lead ore deposits. They 
consist mostly of massive beds of magnesian limestone, the strata 
being hundreds of feet thick in St. Francois county. The subdivisions 
recognized are shown in the table on page 331. They are almost entirely 
assigned to the Lower Silurian series. 

A thin strip of Upper Silnrian, too narrow to represent, was recog- 
nized by Shnmard in Ste. Genevieve county. As already stated, some 
of the basal beds possibly beloing to the Cambrian, but, for reasons 
given later, they are here included in the Lower Silurian. 

StraiigraphfC LimiU, — The basal limits are the Archean granites 
or porphyries ( perhaps the Cambrian in place*). The upper limits are 
marked principally by the I^wer Carboniferous, the Devonian and 
Upper Silurian bein.<r almost entirely absent. The latter fact shows 
tb^T an erosion period nnist have intervened. 

The distribution of these rocks is so plainly shown on the map 
that nothinjj farther need be said. In the southern portion, around 
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the Arcbean area, the ontlines of the map are the result of recent 
work by the Survey. In the north and east the older defined llnoM t^r^ 
nsed. 

Stratigraphy and Sections — To completely decipher tho strati- 
graphy of the Silarian rocks in southeastern Missouri, will nu|ulr«^ 
much field work. This was contemplated in connection with future 
work of the Survey, and for the purpose of preparing reports upon 
the Mine La Motte and Bonne Terre sheets, which have already Ixmui 
surveyed. The importance of the subject to the mining developtnontu 
recommends the early completion of this work. So far, observatlonM 
have been made only along certain lines. As these throw much light 
upon the subject, we shall present them here, and shall acconipiiny 
them with such provisional conclusions as the facts seem to warrant. 

J^ine La Motte and Vicinity^ — Details of the Stratigraphy of tho 
country about Mine La Motte are given in such fullness in the descrip- 
tion of the Mine La Motte estate in chapter XV, that they need not h%\ 
introduced here. A biief outline will suffice. Immediately overlying 
the Archean crystallines is a great body of sandstone. Thin nanil* 
stone we have named the La Motte sandstone, and we consldi^f It tbi9 
basal member of the series. It has been penetrated by the 4rill to » 
deptb of over 250 ft., without reaching bottom. It extendi np tbn 
sides of the Archean hills, and thus tapers out. Overlylrif tbi/v |# n 
series of limestone beds in which the ore is found. Neur tito imm i/f 
these are the shales, containiDg the oft referred to liitiifttMIt 0hMtif$, 
This limestone is estimated to be as much as 200 ft. tbl<;k hm^t^ At^f^i 
this massive limestone, which we correlate with the HtJmUm^mlSMm 
of St. Francois county, there are recognized in the Mtte # mfUm $$f 
cherty magnesian limestone beds, which are '^■■<|fH^ f tkkUmnM tft 
nearly 300 ft. 

From Mine La Motte station northward ilMf li^ mMWK^, iUn 
basal sandstone is continuously exposed, and Mg0B 10m&i %mM}Hk 
Beyond this to the north, as we leave the kftikmmmmulk^ Mi/kttf 
lying limestone occupies the surface. 

Doe Run and ^7r;//;///.— The rocke ot t}0§ Wm§&4 fU^^i i^^ 
also fully described in the mine desoripii^^ gfrmkim. iU i^^ 
Mine La Motte sandstone is recogniseM# iim — *— ^ ^^^ 



bearing limestone, and also rising abort 1k0 (m0bm h kkh i; $fM 

along the granite outcrops, a few inilee ^^Amtt^ 1^ f^i^ ^"^ * 



318 



LEAD AND ZINH DEVOBITH OF MlSSOnBI. 



Doe Run to St Marys — Id the viciuitj of Doe Eun a large nam- 
ber of drill-holes have been put dow^o, reaching the Bandstone at iii- 
creaeing depths as one proceeds awa.v from the Arcbean area. AloDg 
the St. Francis river, in the vicinity of Delaesns, the overlying lime- 
stones are exposed. Oontiuuing northeastward, however, the sand- 
stone rises, and on the northern edge of Farmington it is only 107 ft. 
beneath the surface, thongh this point is at least 100 f(. above the 
river at Delassus. Still farther east, on Wolf creek, the sandstone 
reaches the Hurface. Here, at Valley Forge mill, it is well exposed on 
the east bank, from near the level of the creek np the hill to a height 
of 100 feet and more. The rock is very ferruginous along joinl-planes 
and over exposed surfaces, while the interior is often while and friable. 
Crossbedding is exhibited at many points. 

From this point eastward, along the Sle. Genevieve road, sand- 
stone outcrops are frequent, reaching to the tops of the hills, which 
are probably as much as 200 ft. above Wolf creek. 

CoQtinutug thence eastward to where the west fork of Jonca creek 
crosses the road, near the N. E. corner of township 36 N. 6 E, sand- 
stone was exposed most of the way down the hill slope, with some 
thin beds oi grit or conglomerate of small quartz pebbles. About a 
mile beyond this, at the iron bridge over the next fork of the Jouca, is 
an ontcrop of decomposed granite. 

The La Motte sandstone appears, thns, to he neatly continuously 
exposed, and to be the only Silnrian rock belween Farmington and the 
Ste. Gene\ieve granite area. 

At Shearlock'a mill, on Jonca creek, south of Weingarten, high 
blniis of sandstone are exposed on the north side, dipping about 10° 
8E. On the opposite side of the creek to the south, limestones are 
sa'd to come in. This may be the result of the southerly dip, hut the 
abruptness of the change snggeets some fanlling here. 

East of Weingarten about two miles, on the Ste. Genevieve road, 
near the east line of seciion 19, outcrops of limestone were eneount- 
ered near the bill top. Thence, down the hill, following a small Iribu- 

2 lary of Aux Vases creek eaatward, limestone 

3 is almost coutiunously exposed, dipping about 
I- 5° E. At one point sandstone was observed 

to break Ihe conliuuity somewhat, as is shown 

These limestones are abundantly exposed, in 

mine, in section 'J2, and iheuce 



e: 



in the adjoining sketch, 

the hills, about the Cornwall copper i 
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down the creek to the Aux Vases chnrch, near Janis's mill, in section 
26, of the game township. The chnrch is located npon a hill com- 
posed entirely of magnesian limestone ; a mile and a quarter east of 
this are bluffs of the Crystal City sandstone, which dips from 5 to 
10° E. of S. This sandstone is abundantly exposed, beyond here for 
a quarter of a mile, and is of the usual white, triable character. It 
is, in turn, seen to be overlain by limestones, somewhat thinly bed- 
ded, of white color, and compact texture. 

Thence to St. Marys, a series of limestones are passed over which 
were not differentiated during the hasty trip. 

Ste. Genevieve to Bonne Terre, — For a distance of about eight miles 
west of Ste. Genevieve, the Lower Carboniferous and Trenton lime- 
stone strata were passed over, dipping from 5° to 10° eastward ; beyond 
these, the Crystal City sandstone was reached. The contact between 
this sandstone and the overlying limestone is well exposed, and was 
seen to be sharp, with no evidence of unconformity. 

Thence, westward to Bloomsdale, beyond Establishment creek, 
this sandstone is frequently exposed in the hills. After this, the under- 
lying magnesian limestone sets in and is continuously exposed, with a 
dip of from 5° to 10° eastward, as far as Punjaub mill, and a mile or so 
beyond it. The upper beds of this ''St. Francois limestone" seemed 
to be more massive and rugged, while the lower beds were very flaggy 
and thinly bedded, and are in part very sandy. 

The sandstone was distinctly seen underlying the limestone west 
of the mill, and southwestward, outcrops of it were encountered as far 
as where Terre Bleu creek crosses the county line. At this point, the 
sandstone plainly dips down again under the limestone to the west. 
The lower layers of the latter are here seen to be flaggy, thinly bedded 
and sandy, like those exposed on the eastern side. From here on to 
Bonne Terre, the St. Francois limestone is exclusively the surface rock. 







Q 



Fig. 24. CroBB section trom Iron Mountain to Ste. Genevieve. 

These observations, though somewhat hastily made, seem yet 
sufficient to establish the fact that there is only one great body of 
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limeetone here, which we have termed the St. FraDCOis UmeatoDe.lj-iug 
between the basal or La Motte sandstoue and the nppei'. Crystal City 
eandstoae. P'urther, the facts seem to show that there is an anticlinal 
axiarnnningN E.and 8. W., aboat sis miles west of Farmiogton. Tbeae 
conclusions are embodied in the following generalized cross-Bection. 

Doe Run to fiicemde.^Proceeding northward from Doe Ban,Hlong 
the Bonne Terre railway, the magnesian limeBtonefl of the 8t. Fran- 
cois group are continuously exposed. That the La Motte sandstone 
exists below, is shown by the record of the shaft and drill-hole at 
the foot of Sirams moanlaio, given in chapter XV. Drill-boles put down 
duriug the past year within a few miles north of the Bl. Francois rivtr 
show the thickness of the limestone to reach as much as fiOO ft., and 
the sandstone is found aniformly beneath il. This brings us to the Flat 
river mining district. 

From this district northward, through Bonne Terre to Biir river, is 
a strip of couutry which we shall consider in some detail in connectioa 
with the descriptions of the mines. Summarizing, a body of limestone 
600 or TOO ft. thick is shown to be present here, nnder which sand- 
stone, of undetermined thickness, is invariably encountered. The 
limestone Ik made up of beds which are often of great thickness, and 
in which the ore deposits occur. With these thick beds of limestones 
are some shales, but they are Dot persistent. As the sandstone is 
approached, the limestone becomes sandy. The upper beds, as exposed 
in the hills, are somewhat thinly bedded. From the mine desciiptioDfl 
it will be seen that the massive magnesian limestones constitute the 
balk of the country rock. 

Just south of the railway bridge over Big river, certain shale beds 
are recognized dipping slightly to the west. These are specially re- 
ferred to in considering the stratigraphy about Bonne Terre, and are 
correlated with certain beds high in the hilts south of that town. 
About a half mile north of Big river bridge, there same shales are 
exposed at intervals, for nearly three-quarters of a mile; in places 
they are as much as 10 ft. thick, and include thin layers of limestone. 
They are capped with thinner beds of limestone. Their conlinnance 
here indicates practical horizon tali ty, bat, as the railway grade rises, 
they disappear by degrees. East of the track, iu the conuty road, 
these shales are also exposed, and a little north of this, drusy quarts | 
ia abundant over the surface, and characterizes the country northward J 
to and beyond the Valle mines. 
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North of the 28-mile post, thinly bedded, sbaly limestones continue 
exposed, [though the shales are yellow and not green like those near 
the railway bridge. Beyond the 27mile post, a dense, white limestone, 
10 ft. thick, is exposed in a cat. Thence to the Yalle mines no ex- 
posures of importance were observed along the railway, but over the 
coanty road, limestones crop oat at freqaent intervals. 

At the tnnnel, at the 24'mile post, which is aboat 300 ft. above the 
bridge over Big river, is a massive exposure of magnesian limestone, 
fully 50 ft. thick. It is of white color, siliceous in appearance, and 
containing many minute drusy cavities. Thib we consider one of the 
lower strata of the Potosi limestone. 

Thence northward to the 22-mile post, a descent of 150 ft., are few 
exposures. About two-thirds of a mile farther north and 50 ft. lower, 
sandstone crops out in a bed about 5 ft. thick. It is of a red color, 
coarse texture, and is associated with limestone and chert. It dips 
slightly northward. 

East of this, in the bed of Joachim creek, the rocks are very much 
disturbed; beds of sandstone and quartzite conglomerate are seen, 
dipping 30° N. and at other angles. This is plainly the point of cross- 
ing of a fault line, which will be referred to later. 

Ascending the grade, between the 21 and 20-mile posts, thin layers 
of sandstone and chert are exposed in several cuts, overlain by lime- 
stone. About one-third of a mile beyond the 20-mile post, 20 ft. of 
limestone overlying about 2 ft. of shale is exposed, beneath which thin 
sandstone appears. About a third of a mile north of this, there is a 
slight reversal of the dip, and the thin layers of limestone, shale and 
sandstone rise to the north. 

Between the 19 and ISmile posts are cuts exposing about 20 ft. 
of limestone, shaly in part, underlain*by red, coarse-grained sandstone, 
dipping quite sharply to the south. This sandstone does not, however, 
seem to be persistent, and runs out into shale and limestone. A mile 
or so farther north, similar sandstones and limestones are exposed with 
a northward dip. After this, limestone with shaly beds are exposed in 
the cut, though blocks of sandstone are found over the surface, until 
a point about a quarter of the distance between the 15 and 14 mile 
posts is reached. Here 3 ft. of white sandstone is cut through, but 
soon dips northward under the overlying limestone. 

Thence northward, no significand expoures were seen for several 
miles. Midway between the 10 and 9 mile posts, on the west side 






SS2 



LB&D AND Zinc DBP031TS OF MIS30DBI. 



of the railwa;, about 2 feet of white, coarsely grained sandstone 
crops ont, a little beneath the railway track. West of this, oear the 
base of the hills, sand* 
' stone ID thin layers, 

SindaKMie, thlD*lJ'bBS!lBd", Bomewbal •Daly. BOmewhal fermginOOS, 

I MagDMlan limeitonf.denie, hard and mostly associated 

with limestone beds, 

HI 8»nd»tone. mMBlre, IrUblfl, Indurated In orOpB OUt in a DQmber Of 

places. At higher lev- 

TO M.g.eel.a lim«,Wn«. den.e; .and, layer, ^'S- «'""" t^'° '"y^rS 
D-axth. top,. adp«l>ble. like qaailMCe. ^gj.^ ^180 Seen, and On 

» MagnealaoIlmMtoiie.lnegularlyandUilnlj tlie hill-tOpS Dearly 160 

"•*'''"' ft. above the railway, 

„ siopotc.theb,dotpiat..,.c«ek. blocks of eandstooe are 

Lion on Platlln creek. fonnd. 

1 the east bank of Plattin creek, a little below the bridge oppo- 
Bite the nine-mile post, the section illnstrated in flgnre 26 was mens- 
nred by the writer. 

>A(-aiM LiM«BTosi Aboot & fflile and a 

ni«atane,duk,eKrtbT,m>KDealan. ■tally, 1, If h-l-w fhio aand. 
brecclatBil.oppetUyera hard and dense, "»" OeiOW lUlB, SaDQ- 

"" """* stone was agaio seen in 

the bed of the creek at 

At the Crystal City 
Glass works, a little 
above the month of the 
creek, the section is 
given in figare 2C. 

The sandstone rises 
northward, and is ex- 
posed on the railway, 
jnst beyond the 27-mile 
post, over 100 ft. above 
the creek, A cat occurs 
here, about 500 ft. long, 
through tbis rock. It 
is ill massive be<l8, and 
also in shaly layers, often distinctly false-bedded. Thence it dips north- 
ward, and about half a mile farther north, along the railway, the top is 
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exposed in a aeries of small cuts 40 or 50 ft. lower. It is here capped 
with a sandy and brecciated limestone. 

Over balf a mile beyond this, in a deep rock cat crossed by a 
wagon bridge, abont 20 ft. of tbin, argillaceoas, ehaly, magnesian lime- 
stooe (Joachim ) is exposed, containing some free calcite, bat no cbert. 
The beds dip slightly northward. A mile or so east, at the month of 
Plattin creek, the rocks in the blnif are seen to dip abont 5° NE. 

Between Hercnlaoenm and Riverside ia an almoat continaoe expo- 
sore of Trenton limestone in high bluffs. These beds must overlie 
those of the last described expoaares. A section meaanredabont mid- 
way between the two points, ia shown in figure 27. 



a:; 



la UtafiUJor, thlnlf bedded. 

i ■' maiBiTe. 

3 " pitted, roagb anrficc. 

S " pilled, like No. S. 

1 " maaalTs, denae, let; penlitent. 

B " lb*!; and thlnl; bedded, wllb iHyen of ol 



ab. pitted and rangb ■arraer; portlaDi of drDeateitare. Ilk« 
rspblD llmaatODe, ooDtalne p»tob>B BodMama of an eartbT 
.nrB. whlp.h weathera jallow and aoft. and, on remoTBl. 
,v . .. — ^y-oombed appearaneei foalUfproua. 

., .-_'>11. leDtioDlai, IblD lafen paraUel 

jatratiBcatlDii; to rallwBT leiel abont U It . above TiTer. 



'So. S of this sectioQis traversed by vertical crevices, bat no fanlt- 
ing was observed ; these crevices are enlarged in places to the size of 
small caverns ; horizontal openings are also observed. 

These notes are confessedly onsatisfactory for determining the 
relations of the Crystal Oity sandstone to the St. Francois limestones 
farther south. The extension of this sandstone at a low level up Plat- 
tin creek is difficult to reconcile with the section across 9te. Gene- 
vieve county. Bither it is at this low level by reason of a fanlt, or it 
splits into thin, insignificant layers, and is thus represented soathward 
almost to the Valle mines, where it may rise above the magnesian 
limestones. This interpretation is expressed in the following general- 
ized cross-section : 

I I \ -. I 




CtOH-Bcotloa from Doe Bnn to Baiealaaeam. 
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Bismarck to Silica. — South of Bismarck and west of Iron Monn- 
tain, the Silurian rocks have been fully described in the recently issued 
Iron Mountain sheet report. Sections are given showing the pres- 
ence of the basal Iron Mountain conglomerates and overlying La 
Motte sandstones ; above these are the St. Francois limestones, sev- 
eral hundred feet thick. About Belleview are sandstone beds in the 
upper portion of the limestone column. 

In the vicinity of Bismarck, the St. Francois limestone is the 
country rock. Between that place and Irondale, these magnesian 
limestones appear to be horizontal, and continue so north of Irondale. 
At the bridge over Big river, two miles north of Irondale, are 
massive and shaly beds of magnesian limestone ; at the north end 
they dip 5 to 10° northward, but they soon resume their horizontal 
position. 

North of Hopewell, the limestone contains much druey quartz, 
and, near Summit station, about 200 ft. above the [bridge over Big 
river, is a long cut exposing pinnacles of magnesion limestone sur- 
rounded by red clay containing much of this quartz. 

At Mineral point, horizontal beds of magnesian limestone are ex* 
posed, and are seen continuously for a mile northward. Between this 
point and Cadet are a number of cuts exposing similar pinnacles of 
limestone and drusy quartz. 

At Cadet, and thence down Mill creek to Lawsou and beyond, ex- 
posures of magnesian limestone are frequent, and the beds appear to 
be practically horizontal. 

At Black well are 
bluffs of horizontal mag- 
nesian limestone beds, 
containing drusy quartz 
along the joints, and 
similar rock is exposed 
north of that place. 
In the railway cut on 

MsfrneBlan limestone, denee, shaly, weathers ^^^ UOrth Side of Big 
yellow and earthy. ^..^^^.^ ^^^^^ 29 waS mea- 

Shale, drab, with thin ]amina> of limestone, gured. 

From the south end 
of this cut northward, a 
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Magnesian limestone, granular, pitted, In 
massive beds. 






8 



Shale, blue, with nodular and lenticular lay- 
ers of limestone G inches to 1 ft. thick. 



FiQ. 29. Section on Big river. 
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distance of a mile, these beds are continaously exposed, 
lying in a practically borizoDtal position. Beyond this, 
tbey dip northward, and overlying, grannlar, pitted, 
thickly bedded magnesian limestone comes in, dlppiDg 
from 10 to 20° N£., for a distance of aboat 1000 ft. From 
here to nearly a mile beyond ViDeland, the rocks are 
very mach disturbed, being violently fiexed and faulted. 
The adjoining figure 30 illustrates the disturbanceB here. 
Though the rocks just south of Viueland are dipping as 
much as 40° northward, within a half mile west of that 
point they assume an almost flat position, or are dipping 
a little southeast. These distarbances mark the cross- 
ing of a fault, which we have referred to, north of the 
Valle mines. It has also been observed west of here, 
toward Frumet, and is undoubtedly of structoral import- 
ance. 

Beyond Vineland, to DeSoto, the rocks are thinner 
bedded, more shaly, and of white or bnffish colors ; they 
also appear to be horizontal, and are plainly so at De 
Soto. From DeSoto to Silica, beds of the same char- 
acter and similar attitude are freqnently exposed in the 
hill-sides, and not until we reach Silica does the Orystal 
' Oity sandstone appear. It there occupies a position high 
up in the hills, apparently overlying the rooks to the 
sonth. 

Potosi to Palmer, — About Potosi, limestone contain- 
ing chert and drusy quartz, such as is exposed at Sum- 
mit and Mineral point, constitutes the country rock. 
West of Potosi, to Palmer, similar limestones and cherts 
are exposed, together with some sandstone. On nearly 
all of the hilltops and slopes, blocks and fragments of 
sandstone are found; also a few outcrops. Detailed 
stratigraphic work is necessary to defln;; the distribution. 

Northwest of Palmer, down Fourche a Conrtois 
about 9 miles, and on the west side, sandstone outcrops 
are also found, not far above the creek bottom. On the 
hill-tops beyond this are sandstone blocks, and an ex- 
ceedingly sandy soil shows the presence of a consider- 
able body of this rock. North of Palmer five or six miles, 
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eanclstone ontcrops were aleo seeo. So donbt there are several thin 
beds interBtratitted with the limestone here. 

Pacific to Labadie and Tai>em Bock. — Id the hill jnst above the 
railway, in the town of Pacific, the section, figare 31, was measured. 



10 LliDMiODe, verr thlDly bedded, Id la;en2n. and las; diab eoloi, w^atben 
bnff; danas and tomewbat orrBtalllne; maKnaalan and allloeona, eonlalDlng- 
aome flee oaldte ; a few lajaiaor ootcogrook. 



. Shal; layer, grseulBb aolot, it 



b nodnlar ooDcretlOna 



oe. ftlable. mined Tor the Dunnfaotnie of glaea (Cr;atal Clt; sand- 



) Slops to TftllwBT level , 




Pig. tS. UncODformlt; at aa 



Fio . SI . Section at PaelOe . 

Westward, up the railway, at the 39-miIe post, is an expoanre of 
massive brown sandstone, while balf a mile beyond, higher np the 
grade, thinly bedded magnesian limestone is exposed, which belongs 
beneath the sandstone. Abont half 
i mile east of Gray's Summit is a cat 
600 ft. long, exposing at the north end 
thinly bedded cotton rocli, about 10 
ft. thick, overlain by sandstone, as 
'' illastrated in A of figure 32. The 
uFadac. sandstone is massive, with bedding 

partially developed, the exterior brown, while the interior is compara- 
tively white, soft and friable. At the contact is a pale green, argilla- 
ceous shale, 2 to 3 ft. thick, containing nodalea and broken layers of 
chert. This shale is much crushed, and the lower surface of the sand- 
stone above is studded with angular figments of qnartzite and cbert. 
The sandstone is plainly nnconformable apoa the limestone. TJoder 
the wagon bridge, just beyond Oray's Summit station, is a section, 
illnstrated by B, in figure 32. The magnesian limestone is here mostly 
in thin and shaly layers, and is very much fractured; some thick beds 
occur, but they are not persistent. No chert was noticed. The same 



SILURIAN OF THB SOUTHBASTEBN DISTRICT. 



367 




green shale with chert fragments occurs at the contact. The uncon- 
formity of the sandstone upon the limestone is very plain. 

Thence, down the grade toward Labadie, the underlying magnesian 
limestones are exposed in a number of cuts. They are mostly thinly 
bedded and in horizontal layers ; some thicker beds, with a nodular 
structure, also occur, and a few sandy beds were seen in which the 
sand occurs in small lenticular patches in the limestone. Near the 
bottom of the series, thinly-bedded cotton rock comes in. 

Proceeding from Labadie, along the St. L., K. O. & 0. railway, a 
distance of a mile and a third, an outcrop of sandstone in the river 
blufif, illustrated below in figure 33, is exposed. This great sandstone 

mass evidently occupies what was a 
depression or cavity in the underlying 
magnesian limestone, and is perfect 
evidence of unconformity. About 
half a mile farther east, sandstone is 
again exposed in a cut. 

Fig. 83 UnoonformTtyof BandstonesndUme- TheUCC, 600 ft. eaSt, We COmC tO a 
Btone near Labadie. ^^^^ ^^^^ ^^^^^ ^q ^^ ^^^^1. This iS 

composed of magnesian limestone in both shaly and massive layers, with 
some cotton rock ; about half way up the bluff is a bed of hard sand- 
stone or quartzite, about 3 ft. thick. 

At Tavern Eock, the Crystal City sandstone is exposed fully 50 
ft. thick, reaching to about 80 ft. above the river. This sandstone 
forms a bluff down the river for some distance, and is seen to be 
overlain by magnesian limestone, perfectly conformably. 

Above Tavern Eock, about a half mile, the sandstone again ap- 
pears and forms an almost continuous bluff for half a mile westward. 
The sandstone as first exposed here is about 50 ft. thick ; it is massive, 
and bedding planes are scarcely visible. The bottom of the sandstone 
soon rises above the track, and undulates from the track level to a 
height of 20 ft. above it. The contact with the underlying limestones 
is thus very irregular, though no fragments of limestone are seen in the 
sandstone. The sandstone plunges down suddenly into the limestone, 
occasionally filling pockets 10 to 15 ft. deep. Blue shale about 2 ft. 
thick occurs constantly along the contact, like that described above. 
Above this, the base of the sandstone is filled with quartzose and cherty 
concretions and nodules. Beyond this to the west, the limestone above 
described comes in. 
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In Franklin Count;/ — SontliwesI of Labadie, in Fraoklin conntj, 
eandstones are abundant, bnt their esact slratigrapbic relations have 
not been stndied. The Crystal City 
. vhixf, wiui sandatone is represented at a nam- 
B'^iiaoB '« M ber of points, under conditions that 
show it to be un conformable with the 
underlying rocks. Northeast of Ury 
Branch, on the Bonrbense creek, 
sandstones are found over the hill- 
e, dark tops which coutain nnmeroae frag- 

■■PenMyiTanf* ments and small specks of chert, 
shows that (hey were formed 
after the consolidation of the nnder- 
Ijing chert beds. 

Near Snllivan, on the soothern line 
(LBMoiifl ) of the county, a deep hole was sank 

during the past year, which reached 
decomposed granite at a depth of 
**"^lX^ '''"""P'"'"* 1200 ft. This gives a measure of the 
>rsaniTfta(iriii-faoieNo. 1. tblckoess of the Silurian rocks here. 
The above record was kindly obtained for the Survey by Dr. W. 
A. Metcalf, from the drillers' notes. 

THB SILURIAN OP THE OENTKAL DISTBICT. 

In the Central, even more than in the Southeastern district, the 
Silurian are the prevalent rocks ; they also coutain all of the lead and 
zinc deposits. Only in the extreme western and northwestern parts 
are small areas of Lower Carboniferous. 

The aRgreirate thickness of sections exposed is not far short of 
600 fl. Beneath this the depth is unknown. At Jefferson City, a drill- 
hole put down 1200 ft. did not reach the bottom. Here, as in the south- 
west, all the rocks are of Lower Silurian age and belong to the Ozark 
stage. A provisional division of this stage is given in the table on 
page 331. A study of this table and of the following sections shows 
that two sandstone horizons are recognized. One of these, the lower, 
seems persistent over a long distance, bnt does notappear to continoe 
eastward as far as Jefferson City. The other, and upper, is not con- 
slant, and changes partly to limestone within the limits of exposure. 
Several other minor beds of sandstone were observed in some sections. 
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A certain gronplDg of chert beda, or of alternate chert and lime- 
atone beds, suggests the possibility of separation on lithologie gronnda 
from the thick, maasive limestone beds exposed in the same aeries. 
This may prove convenient in the future, bat we do not tliink that 
there is any paieontologic reason for It. 

Limits exposed. — Ttie upper limits of the Silnrian rocks are marked 
by the Lower Oarboniferona rocka exclusively. At different points, 
however, either KinderbooU or Augnata'beds may beat the contact, 
as is illuBtrated by the later described Osage river sections. In places, 
deposits of Coal Measure shales flit pockets in these rocks. These 
facts are all evidences of anconformity, proving that one or more 
erosion periods intervened between the formation of the rocks. 

Distribution. — The distribution of these rocks over the district is 
so clearly shown on the map that nothing further need be said. The 
western limits, or the outlines of the Carboniferous are almost entirely 
the resalt of recent work. 

Stratigraphy and Sectlons._Over this area considerable detailed 
stratigrapbic work has been done. This has been principally along the 
Osage and Missouri rivers. The results, being of importance to the 
stratigraphy of the whole Ozark aplift, we shall record in considerable 
detail. 

Osage River Sectioas. — Observations along the Oaage river were 
begun at Osceola, a little west of the district line, and contiuned thence 
to the mouth of the river For the sake of completeness, we ahall 
inclade the whole series here. On the small map opposite this page 
are shown the outcrops of the different sandstones and the locatioua 
of the principal sections described. 

In the hills and railway cuts about Osceola, we have exposed great 
thicknesses of the coarsely granular Burlington -limestone, overlain, 
possibly, by the Keokuk, and underlain by the Kinderhook stage. A 
section measured in the town is shown in figure 31. 

Fl. LOU'EU CinilOMiriBOU:'. 

« LlTDfitone, grs;, cTTSttUlne. vlthnodnleB and lentlcnlBrlajen of chert. 

IS. LlmectODe. grtj, mtulrv, tbandaiice of erlnolda. leutlODUr chert layen 
tlODKaliaiiBcalloQ pUaea 

IS. UniMtoiie. ban>b, eBTUir> oompu'atlraly few oilnDldB. 

10. LlmeBtoDe. IblnlT beililpd, drab and buff, irltli trngnlar nodules and layen Of 
a. ihinlr baddsd. wllh oDdnlea of black 
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Jaat below the lower railway bridge, the foUomng ceotion waa 
measared : 



rtjt^ Ifi 3lopti,l*Tgs block! of orliialdalcherlftadtm*Iltngii] 
^''' tratjineDU of d«ooropo*ed. lerraglDOiu ■■ndiloas. 




I, whlta and .diab, witb ■ profusion of ci 



10 Llinettonf, bnlDeh, npper loft, aoinewhkt crlnoldKl, lower 10 R. eutbj, yel- 



Fio. 86. BeetlOD at Station I 

Theoce, dowo the river, limeBlone Is exposed at freqaent intervale 
in borozoDtal beds. Jnst below the moatb of the £aablea,the follow- 
ing section was measured : 



LlmcaloDF, IbiD liTen. Eiay, Willi ci 



IJmeBlonf, Ibln layen, jellow, aanliy. crritalllne, wilb imall cilno 



t, Ihlo. gray, finely cryiti 



chert or ibe LoolMana 1 



nald atema; black, nodnl 



, ctaecked, irrfKHlar, 



Ltmea'one, hard. t1n«-gTalned, ciyBtalUnf 
LimeBlone. earlby, yellow, aolt. at Intery 



Via.se, Section atSlBtlODt. 

Tbe roagnesian limestone, shown at the base of the last section, is 
«zposed down the river for nearly two miles; but, at the month of 
Bear creek, Lower Carboniferous rocks composed the entire bluff, from 
the water's edge upward. 

Aboat two miles further down, the following section was meas- 
ured: 
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oryitalllBt, bnS, wllb ^ 
me open ten- 
weathetlsg ODt. 
10ft. ofboff, ibioUybed- 



Bejond this, the Siln- 
rian m&gnesiaQ lime- 
stODCB sre exposed at 
fi'f qaent intervals aloog 
the lower blnffs of the 
river. 

Aboat ten mileB far- 
ther down, Lower Car- 
boniferoQS rocks again 
come in at the top of the 
blutr, and here the seo- 
tioD of station 16 was 
measared. 

Over the oezt two 
miles, the Lower Carbon- 
QjferoDS rocks appear 
to oome donn to the 
water level, indicating 
an anconformity of con- 
Fiih ortnoia (gpj^ gg gQ decided dips 
are observable. 

At station 18, the con- 
tact is abont 5 ft. above 
t the high water level, and, 

from here on, the Lower 
Silnrian rocks ocenpy 
yio. IS 8«cuon«i station 18. continuonsly the lower 

part of the blaffs, the Lower Carboniferous rising higher and higher. 
Jnet above Baker postofflce we have the section of figure 39. 
Here the contact is about 90 ft. above the water level ; at station * 
22 it is fally 130 ft.; at station 23 it is less than 100 ft., while at 
station 24 it is less than 60 ft., as is exhibited in section of flgnre 40. 
Beyond this, the magnesian limestones are prevalent. At station 

26 the blnffs rise directly from the water level to a height of 110 ft., 
and are composed entirely of magnesian limestone. This is mostly in 
massive beds, and is associated with some oolitic chert. At station 

27 is a bill of similar rocks 180 ft. high. This blnff is continnons for 
two or three miles to station 28. At 29 are blaffs aboat 200 ft. high, 
exposing magnesian limestones with characteristic pitted weathering. 
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formiDg roanded, sagar-roaf-like hill-tops. These blafFs continue down 
the river for over a mile. Below this, above Hogle's creek, on the 
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< SO Slope 
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oid«a, iB pRNBiBeBt blB&. 



-^1!=: ]« limestOBe, thic-bedded, aisoidBL 



north side of the river, is a line 
of bluffs composed of massive 
beds of coarse magnesian lime- 
stone; chert tegments are 
abundant over the soiface ; the 
beds are pracdcallj horizontid. 
Thence, down the river three or 
foor miles, the blaffs are con- 
tinnons. The magnesian lime- 
stone is mostly in massive beds, 
with no sandstone ; they are 
F;r4c~^^<*io« »t si*:«« « ffenendly horizontal, but undu- 

late Rlighily in places About two miless below the Pomme de Terre, 
figure 41 was measured. 

From this it appears that the contact between ths Lower Carbon- 
iferous and Silurian rocks is abaui 1» ft above the water lev^. No 
unconformity is observable in this one exposure. A mile £ulher down 
fiirure 42 appeared. 
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Belov Hollowsy island, the river flows at the foot of high, 
palisade-like bloffs, composed principally of Barliogton limeBtooe. 
These cootinne intermittently down to Warsaw. Near slatioo 
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SMtlOD at station SS. 



there are no expoBttres in 
ne, In miMiie the lower 100 feet ; bat, at 
the western extremity of 
, oryitaiiine.this bloff, magnesian 1ime> 
stone extends up lo perhaps 
50 ft. Below this the ad- 
joining section of figure 4'i 
was measured. 

At Warsaw, the rocks in 
the town are the charac- 
teristic rongh, thickly-bed- 
ded magnesian limestones. 
Along the blnffs beyond 
;"Sa5ld.gr„.orT.wi-^''«*8'*'"^ below the town, 
magnesian limestone is 

*JL1me«ione. tbln-bedded, giay, crin again eXpOSed. It here UD- 

LoKKBHiLiBiA'i dnlalcs a little, and a few- 

faalts of two or three feet 
throw were observed ; it is 
noteworthy that these were 
umeaione. cotton roek at intwYau. tl>« o^ly faults seen between 
here and Osceola. 
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Thence dowa the river for abont eiffht miles, magneBiau limeBtoorB 
are continuoBsly exposed. 

mil-top eov*«d with tt.gn.™u Md block. ^^^<^^ ^'^ "'l*"' «*'OVe 

lis gi„^'^»^«'»<"»"'«''«>=«- Turkey creek, in the 

north blnff of the river, 

I Mafcnaaiaa UmpBtone, bnff, with ISo UBUM ,. „ „, „_„„„„_„ „jr „»,„* 

pitted &ppeBianc«. the flrBt espOBore ot what 

1 8«ndBtone, boff, io»r«B- grained. 
10 Hagneslan llmeatone, boff-eolored. 
10 Slope lortretlBYBl, 



we have named the Gole 
Camp sandstone was 
Been, as is represented in 
figure 44. 



Fio.41. Section at 8tBUon4lt. 

From this point down the river, the beds of the above section 
are continaonsly exposed at abont the same level 1o station 43. Here 
the BectioQ of figure 46 was measured. 
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20 Llmeelone, magneBlan, trai> earlby, thick -bedded. 



40 Slope. rragmentB of nik^eBli 



and BBndBtons . 



IM Slope. OQtcTop of magneBlan limeBtone, nodalar and pitted. 

A SandBtODB and magaealan Umeatone. 

tK LlmeitDDS, maKnealan. 

H Llmeelone, maEneelac, cbeitr. 

a Llmeetone, mnKieelin. mSBBlTe. 

7 I.lmeBCone, nutrefBlan, nodnlar, coarBe, yellowlBh. 

3 SsnilitoDe, beaiy beddeil. gray and wblte. 

10 Liraeatone, magnealan, gray, nodnlar. 

a LimeBtone, magealan, drab, nodnlar. 



and ctartt bnnlderB. 

I UBRn'Blao Itm^Blone, yellow, ear 

: Sandstone, neatly while. 

I I.lm>-B10D», BlliceonB, nearly qnBi 



vewdwitb looee limestone From this Station, near- 
ly to Cole Camp creek, 
the sandstone stratum ia 
plainly traceable, undu- 
lating from the water 
level to abont 40 feet 
above it. Opposite the 
mouth of that creek it 
shows plainly iind is there 
F-o.M. section at Stations some CO ft. above the 

river; it sinks to abou* 
20 ft. wittiiu half a mile farther, after which no sandstone is seen for 
over a mile; then, in a bins' on the north Hide, fignre 40 was obtained. 
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From this it appears that the sandstone is over 100 ft. above the 
river level at this point. 

About four miles below, at the month of Deer creek, sandstone 
is found at about the same level, as is illustrated in figure 47. 

^'giope It is doubtful whether the sand- 

6 OolltlcqQBTtzlteandbrecclated StOUO at the tOp Of these last tWO 

6 Slope sections is the same as that of the 

8 Sandstone, white. _. ,. .^ . ,.«„ 

preceding sections. It is different 
40 Miignesian limestone, arena- in character, and much thinner. 

c«onB in part. 

Three miles further down, on the 
Morgan county line, is a bluff 200 
ft. high of almost continuous ex- 

50 Slope, frfqaent outcrops of 

magneeiau limeBtone. pOSUrCS of magUCSiaU limestOUC, 

from 20 ft. to 190 ft. above the 
Fio 47. Section at Station 46 ^1^®^. No tracc of a saudstoue bed 

was observed in the bluff, but opposite the mouth of Buffalo creek is 
an interesting example of what is known as a sandstone dike. A great 
mass of sandstone rises abruptly from the water's edge 50 ft. above 
the river. It is fully 100 ft. wide, and magnesian limestone in undis- 
turbed beds runs up to it on both sides. It is undoubtedly the filling of 
a pre-existing crevice or cavity.in the magnesian limestone. The lower 
part is of very open texture, being filled with small and large cavities, 
as if included fragments of limestone had been dissolved out. Chert 
fragments are also held in it. This mass indicates the presence of an 
overlying sandstone bed at no great height. 

Between the mouths of Buffalo and Little Buffalo creeks is a bluff 
nearly 300 ft. high. Near the top of this bluff are several layers of 
sandstone or quartzite within a thickness of about 15 ft. Below this, 
for 270 ft. to the river bottom, are almost continuous exposures of 
magnesian limestone, yellow and earthy, and including some cotton 
rock. Some of these are rather siliceous, others are crystalline, but no 
sandstone beds were seen. From 100 ft. above the river bottom up- 
wards, there are many blocks of sandstone, but no stratum could be 
found. The capping quartzite was in part a breccia of chert. The 
strata of these bluffs extend for over a mile, and are perfectly hori- 
zontal. 

About a mile below the mouth of Little Buffalo creek, the section 
of figure 48 was measured. 



366 



LEAD AND ZINC DEPOSITS OF MISSOURI. 




Ft 

10 Summit coTered with chert frag- The sandstone at the basc 

mente; not a aingle piece of lime- 

Btone seen. ^f ^ij^g sectioD is exactlj like 

40 Slope, few exposures of magneaian that expOSed at the moath Of 
limestone. 

Gole Camp creek, and is en- 
4 Chert, white, gnarled, a little mag- tircly different from that of 

nesian limestone mixed in. :^4.^«w,««:».^ ^^.xrv««»^« t* i« 

intervening exposnres. it is 



4x) Slope, frequent exposures.of mgls. 



j_ 




85 



chert. Almoi^t a 
series of exposures. 



15 Sandstone, white, saccharoidal, false 

bedding 
10 Slope to river level. 



entirely different from the 
qaartzite capping the preced- 
ing high bluff. These facts, 
and its low position topo- 
graphically, lead us to con- 

Magneslan limestone, pitted weath-Clade that theColC Camp 

rAuV.'^^n^^c^okSn^^^^^^ is beneath the 

continuous ^.j^^^, ^^^^j ^^^^^ station 49. 

From this last point down 
the river, nearly to Critten- 
den, the sandstone is almost 
continuously exposed, rising 

Fig. 48. Section at Station 49. frOm the WatCr's edge tO 20 ft. 

above it, in gentle undulations ; it maintains a thickness of about 20 ft. 
The contact with the underlying magnesian limestone is decidedly 
irregular. This may be due to the plunging flow of the water at the 
time of deposition of the sandstone, which is indicated by the cross- 
bedding of the latter. 

Below Crittenden, the sandstone is again exposed in the river 
bank, and soon rises well above the water level. At station 53 it is 
about 20 ft. thick. The bluff is here about 215 ft. high. Exposures of 
magnesian limestone are continuous from the top of the sandstone to 
within 50 ft. of the top of the bluff. Much chert is associated with 
the limestone. 

Beyond the mouth of Proctor creek, the base of the Cole Camp 
sandstone is fully 100 ft. above the river, and is as much as 25 ft. thick. 
Here we obtained the greatest exposure of the underlying Proctor 
limestone beds. These are magnesian limestone, in layers 5 to 10 ft. 
thick, very massive, but not specially distinguishable from the over- 
lying Osage limestone beds, though perhaps less cherty. 
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;^p 



iO Slope, 1 
so Uagites 



i roogb cbeit bi 






10 Slope, noexpoiDTSi, 

40 Hk)niF>liti UmntODe, thick bdJ d 



Fia 4a BeotlOD nt Ststlon I 



At station 55, the sandstone reaches water level and disappears 
from view. Thence down the river it is esposed at intervals, as indi- 
cated on the map. The thickness remains aboat 20 ft. 
At station 60, the section of figure 49 was measnred. 

jKt Below this, at station 

61, the sandstone rises 
snddenlf with a sbaip 

•^sa Magne«l.nllme.lone»Ddc5e«;«UT7epro. ^^Dt Short dip Of SbOUt 

20°, to a height of abont 

: «0 MiiEneBtsnIlmes'ODe, sudBomecbBrt, (hlnlf 50 ft. Following dOWD 

to the loop of the river, 
at station 62, it is only 
5 ft. above the water, 
e Thence, around the loop, 
it rises again to a height 
of 40 ft. at station 61, to 
sink imnaediately after 
below the river level, 
tbns clearly expressing an anticlinal flexure. From there down to the 
moath of the Niangna river, tbe Osage evidently flows aloDg a syn- 
clinal axis, tbe sandstone beini? continnonsly below water level. 

Jnst above the month of Linn creek, at the boat landing, is a blafif 
composed entirely of magnesian limestone from base to top, the upper 
40 ft. very cherty. The total height of tbe bluff is 110 ft. 

At station 66, the sandstone again makes its appearance, rising 

out of the water with a sharp dip and some little faulting, as is ex- 

f -_-___^ , hibited in the adjoining sketch. It con- 

; ; ^""'-C^rO^^^ tiflnes exposed for over a mile, after 

floTm"^^^^^ — " — ^ which it again sinks beneath tbe water_ 

The flexure is evidently the continuation of the anticline above tbe 
Kiangua. 

At station 63, are prominent and very high bluffs, the summit 
being as much as 300 ft. above the river level. Of this blnff the sec- 
tion of figure 51 was measured. 

The Cole Camp sandstone mast be close beneath the water-level. 
The numbers 4 to 6 of this section form a prominent escarpment which 
overhangs the river for some distance down. At station 69, tbe base of 
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these beds is at a oon- 

ss' Slope eaveTed wiih nragmantg of oouiio siderably lover level, 

« cher'r»erj™ngh'!'^"erbreoci» being only aboat 60 ft. 

above water; at station 

70, it is only 10 ft; thence, 

*" "SfB"^!''"!. ""rn'M^Ji Md'tu^beJi"^ ^"^^ *''* "^^^ f**"" three 
or fonr miles these bold 



I Cbarl , gnnled , w 



■0 Slope, ftfewoQ(ciai» in&gne*i>n Ilmeatoi 



S Bedi of wblte chert. 



bluffs continne, the 
massive beds keeping 
above water level. 

'"' At station 72, 2 miles 
below Gravois mills, the 

"' sandstone again makes 
its appearance, and is 
exposed at intervals for 
over two miles, a little 

lu above ttie water level; 
the fall tbickoese is 
here only 10 or 12 ft. 



Ft. A tew tbin ..rf em.U .Kb. of Umeelone ■*■* Station 74, jllSt 
s «.'"!« b'd^brtiS^i;;!^ chm, above Bagnell, the sand- 

stone rises above the 
river again for a short 
distance, as exhibited in 

ISO Slope, occwlon.l oalcrope of roagneBlaEi figure 62. 



tl wllh den 



1 Chert bed. 
SO Slope, oben fragmt 






Zila^^lit!"' Most of the interval of 
So. 3 of this section is 
seen in the river blnfT 
to be occupied by mas- 
sive beds of maguesian 

I H.sneBlHD nmrstonc, Ibiok bede, pitted limestOne. 

At Bagnell, the sand- 
stone is beneath the 

i Magrolanllmeetona, cberty, eapeclelly In water, and IS not ex- 
posed; but, about 5 ft. 
above the water, is a con- 

S aandstone, fefmglnon. 

10 Slope to riTM level. t^ct between an nnder- 

iKSietion-i. lying very cherty magne- 
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sian limestone, and an ovcrlyiDg rock destitnte of chert, bnt of very 
o peo testa re, similar to that found at Tnscumbia, later deeoribert. 
Thence, down the river for two or 






K Slope, wllh m 



ice Oaicrops ot roigneiiui 1< 



IG HftgneelBD IIinralaDe. 
S Ssridelone, Bacchftroldsl, 
10 M*gneslaiillineBH>ne. 



three miles, the left bank is bor- 
dered by blaffs 200 or more feet 
high, composed of massive magne- 
eian limestone. 

At station 76, aandstone ap- 
pears again, bnt of mnch dimin- 
.. ished thickness. Figure 53 is a 
'' section of this bluff. 

Half a mile farther, this sand- 
stone is 40 ft. above the river, and 
is 6 ft. thick. The contact with 
the anderlying limestone is irreg- 
nlar and unconformable, like that 
of the sandstone traced higher np 
the rivet. Its thickness is vari- 
able, from 2 to 6 ft. ; and, at times, 
it appears to pinch out entirely between the underlying and overlying 
limestones. This is the last appearance, down the river, of the Oole 
Camp sandstone. A.t Tusonmbia, an interesting bluff of magnesian 
limestone and chert is exposed, illnstrated by figure 54. 

South of the river, the hill rises to 200 

ft. above the bottom, and ie made up 

° essentially of magnesian limestone, with 

an abundance of chert near tfae top; do 

sandstone was seen. 

Down the river to Hnrnphreys creek, 
magnesian limestone and chert constitute 
Fig. M. aaciioD siToicnmbis. ^^^ bluffs. Thesc rise above the river to 

heights of 200 ft. and more. The upper portions are composed of 
massive beds, aggregating at times as mnch as 100 ft. in thickoess ; 
little chert is associated with this. No sandstone was seep. 
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Uaiin«'l>D llmeilODe, 




chert penetiatiDK 
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U UagneBlsn llmeBtone 



At Station 83 the following section was obtained : 

The bills at the month' 

slope sod cbert ftagmenU, NosandsMne. gf XaT6rn Cre^k are 

Solid chert. made np of the nsaal 

series of massive lime- 
stone, with Ibinner chert 
beds. These form bold 
blnETs 100 feet or more 
in height. Ifo sandstone 
occurs iD place here, 

Cbeny Umsslone. tboDgh, at the Summit, a 

few email fragments are 
fonnd, together w it h 
' mach compact oolitic 
chert and qnartzite. 

At stations S5 and 86 
blaffs of massive mag- 
nesian limestones like 



IC 



"T~ 



1, compict, pAj, , 



rellonUh, little or no chert. 



B MifCDeBlBu llmeatone, bard, gtAj, cellala 
10 aiopeto river. 
ng.U. SeotlDDBtSlatlonSS 

the last, rise to heights of 180 ^nd 200 feel. 
At station 87 figare 56 was measared. 

Here we find sandstone 
again coming in, but 
at a higher level than any 
before observed. It is, 
moreover, different lith- 
ologically, being more 
massive and containing 
fragments of chert; it is. 
further, not false-bedded 
to any great extent, nor 
is the contact with the 
Bt underlying rock very ir- 
j biyonijiocsi, regular. This we name 

— the Moreau sandstone. 

Fir..5a. Section ntStaUonKT. Al StatiOD 88, the bill 

is 130 feet high. The upper 10 feet are composed of massive layers of 
sandstone. This shows a considerable dip northward from the last 
exposure. 



UsgneeUD llmeBton 


. chert,. 


Chert bed, mamive, 


4 ti. thick 




, m>BBl<e 



tlo'ft >nirinore thi 
itr, tboi]{;h tbld IB p 
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At Osage Blaff tbe section of figure 57 was obtained. 

^ Ft. 

i_ SoDeycombed qnarelUoi cbert otui Burfim; kIbo d 

SO SuidBtoiie, coDtBcClm 



m 


',1 ',!■', 


-rr^i 






1 -^ 




1 I 



I layen ol saadatoiiB and lame cher 
thinner bedded, pitted weatbering. 
■d maguealan llmnataDe. 



I, rafcgod beda, wUb oavll 



i: aiDall anioaiil of 



Fio 07. SMSlloDttaCatlon SO. 

Tip tbe road leading from the ferry northward, this sandstone is 
well exposed, and above this, magnesian limestone crops out to a thick- 
ness of folly SO ft. more. 

At station 92, this heavy-bedded sandstone is espoeed about 150 
ft. above the river. 

At Castle Rock (station 92 a), on the north side of the river, the 
top of the Moreau sandstone is about 200 ft. above the stream, and is 
apparently very thick, covering the surface profusely over an interval 
of 60 ft. below the top. Thence down the river, no further exposures 
were seen, and the sandstone is apparently above the tops of the ad- 
jacent blnffs. 

At station 91, tbe last section was measured and is shown in fig. 58. 
It is possible that tbe rock 
capping this section is the Mor- 
eau sandstone, but further work 
i[is needed to fnlly snbetantiate 



9, wblleand flneeTKlned, 



110 SlQpp, 



araaiiditoneltt.toSn.il 



^opa at " 
tbRk- this, 



Sectionii along the Moreau. — 
Korth of the Osage, between 
Osage Blnff and ils mouth, the 
Slap., na aotcrop sandstone of the former place is 

abundantly exposed along tbe 
Moreau, and its distribution wa8 
ftg. w. aec0on.i8t.iian 91, Specially studied. At station 

101, it is exposed between 20 and 30 ft. above the creek level. It is 
bete apparently only about 10 ft. thick. 
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Along the Wardflville and Jefferson City road, just north of the 
former place, exposares of the Moreau sandstone are abundant. At 
station 102, the rock is 120 ft. above the creek, while at station 103 it 
is only 60 ft., showing a strong northward dip. At the latter point, it 
is exposed in massive blocks 15 or more feet thick, somewhat false- 
bedded, and containing much chert in grains and also in small frag- 
ments. A layer of rough, gnarled chert seems to immediately cap the 
sandstone here. 

At station 104, sandstone occupies an interval of 30 ft. as indi- 
cated. At station 105, it is only about 20 ft. thick. The base is here 
about 80 ft. above the creek, while immediately on the opposite side of 
the creek it is only 40 ft. above the water level, indicating a slight faults 

At station 106, figure 59 was measured. 

Ft. 

80 Ma^rnesian limebtone, thinly bedded, with chert in layers and nodoles, In stringa- 
and brecciated maBses, with dolomite matrix. 

8 SandBtooe, leBB maBBive. rougher, chert grains and fragmentB near top. 

4 Sandstone, massive, indurated, regular. 

8 Slope. 

8 Magnesian limestone, cherty, hard. 

3 Magnesian limestone, sandy, cherty. 

44 Slope, with large blocks of sandstone. 




Fio. 69. Section at Station 106. 

This section satisfactorily proves the thinning of this sandstone 
northwestward. 

At points lower down the creek, this rock is exposed at different 
places, at elevations indicated on the map. At station 108, the sand^ 
stone is at water-level and only about 9 ft. thick. In the hill, about 
150 ft. above this, thin layers of white, friable sandstone are inter- 
calated with the magnesian limestone. 

At stations 109 and 110 the sections of figures 60 and 60a were 
measured. 



ffe-w^aUKwr 



Ft 
8 Sandstone, roughly bedded, with wavy outlines. [the layers. 

8 Chert, gnarled, with Bandetone and magnefiian limestone in cavities and between 
4 Sandstone, thinly and irregularly bedded. 

30 Slope to water-level. 



Fiu . 60. Section at Station 109 
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It is difficult to explain tbe pre- 
eence of this sandatoDe of statioo 
110 so high in the blaffs, nnless it 
be cansed by a faalt. There cer- 
taioly is do sandstone beneath, 
unless it be below the level of the 
creek. 

Sections along the Missouri river. 
From the month of the Morean to 
G-niy's creek, above Jefferson 
Oity, a aeries of sections were 
measnTed, beginning with one at 

. ons. maaaiia the iDonth of the Moreati, illnstra- 

' ""ert"" '"°'"'"'^- "'"• ted in figure 62. They show in 
" "w4gh "o'^li")'"'' "'"'"■ great detail the composiUon of 
K Slope ww.wr-iflvei. ^^^^^ ^^ ^^^^ named the Jeffer- 




Fio ai. SeoUon at station lU. 



son City limestone. 



^ 



1 Cotton look (magneilui Ummtoiio) pale blue, weathering to 



at(nilar»( 



IS Uagneelaa llmeBl 

oolitic chnrl In 

neai base 

i Magne 

S MagDeSl 

S Uagnealan llTtK 



layciB of iinarts.le pan 
llmextone; ttlte btidm 
Borfaw tilnhlj elllceoni 
10 Magnralan llmeitone. a 
nodalar and tbln layeTi 



i> granBlai; macli glaaiy nodalar cbert, some or nhlch 
BMlve, alUoMiag, granular, wllb a aomewbat pitted 



leanliyand ataal;. Id 



ton rooki fraatnred 



arly bedded In plaoeB 



Hagnpelan llmeglono, inatelTe, gray, plltpd 
patebea, from decompoaed chert; good bnlld 



Llmeatone, mgged, with open caiUlee. 
rio.es. Section *C Station 111. 

KoB. 6, 7 and 8 we feel no hesitancy in correlating with Nos. 2, 3, 
4 and 5 of figure 61. It is plain that the sandstone bed has not only 
become noticeably thinner, but is also changing into limestone. Tbe 
beds of this sandstone at the railway bridge are about 20 ft. above the 
water; thence it dips northward, so as to reach the river level within a 
distance of abont 300 ft. 

Proceeding westward along the railway from Morean creek, tbe 
strata of the preceding section can be traced continaonsly. The bed 
anmbered 3 is noticeably persistent. 
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About (wo miles from the creek, a seriea of bieher lying beds^ 
showQ ID figure 63, were meaaared. 

Ft. 

8 MafDCtlui 1lm»lonp, Bbftly; tbln Ud ImgnlBrly bedded, wilti chart auddmb 

I Hud. till rMua looking bid, giky. 

4 Cotioarock, ihiDlibcddfi]. 

■ If*ftD«*lu UniFitai e.dukgMT, IrrrgnlulTbadded, with maeh dark ehnt. 

4 Cotton Tork. lint ■odbDff 

4 Mi|ni«ilui KmoloBe. nrrny. wllb (tnakaof cotton rock; lowai IS lu . baid aod 
niiwlTat iTTCf Dlir eontiot belsw. 

9 ColtaDrock.btdiSlm. tolSlBi thick (!(□. 1 ol a^DTStZ). 
4 Uaynnlu UioHtooa, more muilTe; grmj; lnt«nn«liate between No. T mad 



•^ 



K SlopeudnllwcTBIl MilTer. 



Fia.tt SeetloB M StattOB 111. 




2to». 4. 5. 6 and 7. of ti^niv 64, are the eane a« No. 5 of fignre 62: 
Jasi east of the J«ffer80Q CitT depot, the section of figure 65 was 
me«eare<l in detail. 
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to SnrfBce cUy. 

176 MsftneuUn llmfato 
FKEeON Cctv ) . 

T SsndBtoue (Mobeai 



Thas far along the rirer, the several beds were traced- with great 
readiness. They lay nearly horizontal, or gently andulating, different 
beds dipping down and rising ap above the track sncceesively. Ko 
fonlts were exposed. The sandstone does not reappear, but at Jefferson 
Oity its horizon cannot be much over 20 ft. beneath the railway track. 
Od High street, in Jefferson 
City, about 150 feet above the rail- 
way, a well was drilled nearly 1200 
feet. Figure 66 is constmoted 
fVom the record. 

The sandstone of this section is 
evidently that exposed at the 
month of the Morean. Of the 
presence of lower-lying sandstone 
the drill-hole gave no indication. 
West of the depot, the rocks as- 
sume a slightly westward dip, 
bringing the base of I^o. 12 of Fig. 
65 down to within two feet of the 
track, at a point directly under the 
mansion. This dip continues west- 
ward, such that beds Nos. 10, 11 
rio.ee. sertionorjeiTBrBoncitydrin.hoiB. »nd 12 of that fignre are entirely 
beneath the track-level at the capitol. Here fignre 67 was measured. 

Ft. 

S Ma^aestBD llmesCODe (md oliei(, ibattered. 

1 MigneiJan llmeitone, denae, pitted, mMiln. 

4 Cotton TOck» thattered^ Tory dense. 

i M»gncs)Bn llmoiHini', tooth, cbertj, deeompoead . 

4 HB«Desl»a limestone, dark giny, chert neit baae. 

4 MtEDOstdn limestone with nodular chert layers at top and bottom, OT iTtegQlU 



S 



890 Principally magnedaa lime- 



a?^ 



^ 



, fieotloQ at Station lie. 
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A half mile farther west, figure 68 was measured. 



m 



x No. 7 Of Bgnree?! Ihlnlj 



f Bgan ST; Imgnlar 
at bue ; Imgnlar, 



3 Uieneclu Umettone, cotton rock, mom mtadve . 

T' '■■ (~] 1 MajniHlmn IlmMtoae, rooKh, tongb, pitted, Uks No. t 

^ ] -:j^ 0OEl»oi beneBth. 

S Ootton rook, TcgDlRTly bedded (3" to IB"), TPif Ibli 
hommocky oontact below (No. 11 of flinr«6(>}. 

4 Higpealin Umeatoae. deuM, tODgb, vltbcbert oeu bue. 

t (JotlDO Tock, ihlnly beddnl. not leparabls alway*. 

5 HasDoetftD llnieeloiie, dersf, b«rd, lODgh. 
2 Cberl, DodnUr Bud bieizclated, and migDMiea llmeBtone (No. Sof flsiiion). 

FlK.«8. SpctionmtStBtlonllT. 

At station 117, the thick beds of cotton rock have risen again to a 
height of abont 12 ft. above the track, and the nodnlar and bre'cciated 
chert bed (Ko. 3 of station 112) is jast at the track level. This stra- 
tnm coDtinnes exposed almost to the pnmping-bonse station, rising aod 
foiling with gentle nndnlations. It is very well marked, often contain- 
ing cavities, the cbert beiDg very much brecciated and decomposed in 
places. At the quarry of tbe pnmping-hoase station, the cotton rock 
beds (No. i of station 117) come down to the track level and descend 
below it, and the overlying beds are exposed continnonsly for a mile or 
more. Minor nndnlations characterize this stretch also. 

M«mMlBn liitif*'"" — !■>> i.T»m.ii.i«i i-h«* i-in inese 

3 of diiore ei) 
Mainii^ian Jim 



conditions 
continue westward to 
tbe month of Cray's 
creek. The beds are 
nowhere continuously 
horizontal, but undu- 
lategentlyall the way. 
At the last section - 
n.; «s SMtionM Simon 1.? measured, less than 

half a mile east of Gray's rreek bridge, the beds of figure 69 were 



b bTKClBtfd cl 



qdiIdIbiIdb b«tow 



. M*En»lB> 
: Ma^t^lBi 



exposed. 

No. 1 of this section we recognize aflhe breci»ted cbert bed,No.3 
of station 112, It is fully 20 feel above the truck, and we should, there- 
fore, expect to liml sainlistniio wiihiii the distsnce to the bottom ; but 
no irHi'e of it is shown. It is oithcr al>seiit here, or Uie interval between 
it aud the chert bed has imicb inciea^ied. 
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Beviewin^ these sectioDS along the Missonri river, they are inter- 
esting as an exhibit of the persistence of lithological characters of the 
different beds. The distance between the extreme exposures is about 
eight miles, and beds exposed at one end can be readily traced to the 
other. Further of interest is the fact that no faults worthy of notice 
are shown within this distance, but the rocks are traversed by a num- 
ber of gentle undulations, with axes apparently running south of west. 

High up, on the hills south of this line of sections, the overlying 
sandstone is found. Though widely distributed over the country, it is 
not in a continuous bed. It occupies depressions or hollows in the 
underlying limestones, and is found at different altitudes within very 
short distances. The following sketch illustrates its relations to adja- 
cent rocks, as exhibited just south of Jefferson City : 

This rock is friable, sometimes 
white, sometimes of ferruginous color; 
it is very irregularly bedded. Strati- 

Fig. 70. Uncooformitvof limestone .nd sand- g^aphfcally, it bcloUgS at the horizOU 

Bione near jeffefBon City. ^^ ^^^ Crystal City saudstonc, and 

resembles it lithologically. The evident unconformity with the under- 
lying magnesian limestone is in harmony with facts already described. 

The sections of the Central district thus far given, throw much light 
upon the stratigraphy of the Silurian rocks. Additional work away 
from the larger streams is necessary in order to define the distribution 
of the different members. 

The Cole Camp sandstone is well exposed south of Linn Creek, 
up the Niangua. At Gunter Spring it is to be seen in the bluffs, 130 
ft. above the lake. It is there 10 to 12 ft. thick. A mile or so south- 
west of the spring, however, this sandstone seems to be brought to the 
bed of Spencer creek by a sharp flexure. The conditions here are 
illustrated in figure 71. It is possible that some faulting has taken 
place. 

At other points, both north and f^g:^''"" 
south of the Osage river, sandstones 
are exposed. Their distribution can 
oe readily mapped with a little detailed I 

fleld-WOrk over this area. FJk. 71. Disturbance or atraia^Oaoter Sprs. 




378 LEAD AND ZINC DEPOSITS OF MISSOURI. 

THE AGE OF THE OZABK STAGE. 

The age of the rocks of the Ozark stage has been a qaestioD of 
more or less discussion, and still remains somewhat unsettled. Origin- 
ally it was assigned by Swallow entirely to the Calciferous stage 
of the Lower Silurian series, though the Third sandstone, he thought, 
might be Potsdam, and the underlying Fourth magnesian limestone 
also. The discovery of a trilobite in the Third magnesian limestone by 
Meek, suggested the possible Potsdam age. This was later strength- 
ened by the finding of the Lingulella at Mine La Motie, and of Lingula 
at other points. The question then became, were all of these rocks 
Cambrian, or only part of them f If the latter, whit part, and where 
should the line be drawn on the map f Broadhead, following Swal- 
low's suggestion, placed the line above the so-called Third sandstone 
[32jp. 358], Recently he has expressed the conclusion that the en- 
tire Ozark stage belongs in the Cambrian [ 30, p. 80 ]. 

Work conducted by Mr. Frank L. ]!^ason during 1892, over the 
Ozark area, led him to the conclusion that the so-called First, Second 
and Third sandstones do not exist as persistent beds, and are not of 
the stratigraphic value which the old classification gave them. He 
divides the series, so far as his observations went, into an overlying 
stratum, called Boubidoux sandstone ( probably the equivalent of what 
we have called the Crystal City sandstone), and an underlying series 
of magnesian limestones, including some thin beds of sandstone, to 
which he applies the name of Gasconade limestone. 

Stratigraphic work conducted by the writer, in southeastern Mis- 
souri, showed that the Lingulella beds of Mine La Motte belong higher 
in the series than has heretofore been thought [ ;?4^, p. ^J*7 ]. These 
results are embodied in the section on p. 349 of this report This, 
together with the fact of the Cambrian aspect of the Mine La Motte 
fossils, led the writer to express the opinion [ iJJ, p. 17 ] that all of the 
Ozark rocks are of Cambrian age. Since that time, additional studies 
of fossils have been made and additional stratigraphic work has been 
done — sufiicient to add much of value, and to considerably modify the 
views before expressed. The question is not yet entirely settled, but 
enough seems to have been proven to warrant the application of the 
name Lower Silurian to these rooks, even thouirh it involves the ad- 
mission of hrtviuir expressed one's self too precipitately before. 



THE AGE OF THE OZA.BK STAGE. 37^ 

The qaestioDS now to be considered are : 
' 1. Is there any Cambrian in Missouri f 

2. If so, how and where are the dividing 'Jines to be drawn be- 
tween it and other formations ? 

3. If 80, again, what is the age of the overlying rooks ? 

4. If there be no Cambrian, to what age do all the rocks of the 
Ozark stage belong f 

The first question can only be settled through a stady of the fos- 
sils. In the next pages we give a table of all the fossils found in the 
Ozark rocks in Missouri, and their localities. 

Of the species examined by Mr. Walcott, he says, in a letter to the 
writer : " All of these species indicate the Lower Ordovician or Oal- 
ciferous fauna of the New York section. The Lingula-like shell is 
closely allied to Lingulepis aoouminata Conrad, of the Upper Potsdam 
and Lower Calciferous, of the New York section. It may be identical 
with the L. lamborni Meek. The range of this type, so far as known to 
me, in our American rocks, is confined to the Upper Cambrian and 
Lower portions of the Ordovician." Again, he writes : '' The ' Lingula' 
from Mine LaMotte is a form that is not positively a Cambrian type ; 
on the contrary, it is probable that it ranges well up into the lower 
portion of the Ordovician." 

Other specimens of these Lingulellas were examined by other 
authorities, who have kindly furnished the writer with the results of 
their examinations. Thus, Dr. John M. Clarke writes: ''The linguloid 
brachiopods from the soft, greenish, argillaceous shales at Mine LaMotte 
are excellent representations of the genus Lingulella. The character- 
istic features of this genus are more than usually well developed in 
the specimens submitted to me — the triangular cardinal or subapical 
surface of the pedicle valve, with the narrow median pedicle-slit, being 
very conspicuous, while the muscular scars of both valves are clearly 
defined, and will materially add to our knowledge of the muscular 
structure in this genus. Another noteworthy character is the strongly 
pitted internal surface of both valves in the umbonal and median 
regions, a structural feature which it possesses in common with L. davisij^ 
the type species; but I am not aware that it has been recorded of any 
other Lingulellas of this type: that is to say, the typical Lingulella is^ 
so far as our present knowledge extends, restricted to Cambrian 
faunas. In specific features, I would compare the Mine LaMotte 
specimens directly with L. davisi — from the Lingula, flags of Wales^ 
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TABLE OP FOSSILS FOUND IN THB 



FoBBils. 




Horizon. 



Barythnms 

Chemaitzla yeeticala . 
' ' ozarkenflis 



< i 



Cytooeoras, like Nob. 12 and 18 . 
Bp. nndet 



< « 



< ( 



CyotollteB. sp ? ., 
Cythere anblaBvis 



EnomphaloB. 

4 < 



1 Arionellns (?) mlsBoarienBlB 

2 •• *♦ 

8 •• . 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
^ 
24 
26 
26 

27 

28 Hellcotoma? (sp. A) 

29 

30 

81 

Si 

83 

34 Leptaeaa 

84« 

35 

86 

87 

88 

89 

40 



< ( 
( f 

I < 
« < 



polygrata 



Hellcotoma 'i (sp. A), Bame as Nob. 25 & 27 
< < < t 



« < 



< < 



1 1 
( ( 



« < 



( ( 



< < 



Holopea Bp ? 

or. obeBa ( Whitf.) 






< « 



< < 



( I 



LlDgalella lamborni (M) 
Lingnla 



( < 
< < 



41 

42 
43 

44 

4ft 
46 
47 
4H 
49 
50 
51 
52 
5S 
H 
55 
56 
57 
58 
59 
60 
01 
62 
63 
64 
€5 



i < 



(A;; Bimilarto L. prima 

prob the pame (Lacaminata?) ; see 

note to No. 41 

lambor.ii (Meek) resemblett No 40; 
difference may ne dne to sedimentB 

Lingnlella 1 -imborni ( Meek) 

like L davloii (Satter); alsolik 

L eila (H & W ) 

likf> L ddvi8ii;like L Btoneana 
(Whltf ); likeL ella(H.& W.) 

LltuiteB complaData (Sh ) 

LonchocenhalnB so ? 

Meiia primogeniam 

Marchisonia 

* ' ozarkeDBlB 

" carinifera 



< < 



< < 



< 1 

< i 



< ( 
t < 

< < 

< I 
t « 
I > 

< t 

t < 



melaniaformlB 



melanla*'ornil8 

carinifera 

meiuniaformis 



near melaniafo-mi«,but dist'ct 

Sp. V, roand whorl 

Sp. V, angular whorl 



Shnmard. 



f < 



Potter, . 
Shnmard 



< < 



Walcott. 



< ( 



Rowley. 
Shnmard. 

Meek ... 

< 4 



4 < 

< ( 

4 < 



Broadhead 
Walcott. . 



t < 

4 ( 



< • 



Walcott 



4 ( 

4 4 



Rowley .. 
Walcott.. 

« 4 



Swallow . . 

Rowley 

Broadhead. 



Shnmard. 
Walcott.! 
Walcott . 



Walcott. . 
Beecher . . 



Ulrlch. 



J M. Clarke 
Shnmard 
Mt-ek . . . 
Shnmard . 

> 4 

liroadhead 

> 4 

Shnmard 



Rowley . 
Meek 

Shumard 

4 I 

I < 



Swallow 

Meek . 

Walcott. 
1 1 

4 I 



Ozark. . 
Wright 
Oz irk . . 
Lincoln . 
Ozark . 



4 4 
4 4 



Wright 

Laclede 

Ozark 

PiilaBkl 

Mari*^8 

WaBhington. 
St. LonlB ... 

< 4 



8*e. Gieneyieve 
Miller 

* 4 



Morgan 



Monitean. 
MadiBon.V 
Shannon . 
Christian 
Polk. .. 

CbriBtian 

Shannon . 
Taney . . . 
WebBier 



Pniaaki 

Waabington 
Central Mo . 

• 4 

MadiBon 

Cole 

Jefferson .... 



Polk. 



Polk. 



Madison. 

4 4 



4 4 

Ozark 

Morgan 

Ozark 

Jeff-^rson 

Cole 

4 I 

Laclede 

(yape Oirardean 
FrankUn 



Monitean 

4 4 

Franklin . 
Ozark . . 






Cole .... 
Shannon 



2dmglB 



3d mgls . 
Ist mgls. 
2i mgls . , 



4 4 

8d mglB 
2J mgiB 

I 4 



Saoo BB 

Ozark stage. 






Ist mgls. 



4 4 



2dmgl8. 
8d mgls. 
2d mgls. 
SdmglB. 



* 4 



2d SB . 

Ozark Bt»ge. 



4 4 



14 



Ozark Stage.. 



• 4 



Ozark stage. 

4 4 

2d SB '. 



4 4 



Mgls series 
2d mgls . . 
3i mgls ... 



Ozark stage. 



4 4 

4 4 



4 4 



4 4 

2d mgls 

8d mgls 

2d mglB . 

2d SB ........*! *. 

4 4 

Sd mgis...!!.. 

4 4 

2d mgls !. 

4 4 

• • • - • • 

< 4 

2d 88 .....!! 

2d mgls 



( 4 

( 4 

4 4 

4 4 



Ozark stage 



4 4 
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ROCKS OF THE OZARK STAGE. 



Catalogue No. 


Reference . 


Remarks. 




Kept. 1865-71, p. 193 

** p 209 

•* p 197 


1 












R'»pt 1872 pt II, p 230 

Kept 1865-71, p 193 


1 








p 197 

" p 2(19 

•• p 216 














p. 292 

Mo. Geol Sur 

< . It 


10 


8862 
3918 


F. L. Nason, col., Simpson'B mill 


6182 


Vol II, 1892. V. Ul... y....... ... 


J. D. Robertson, col . Poverty Flata 








Kept lt64. Pt. 11 p 195 


. 




*' P. 174 • 

Eept. 1866 71, p 123 

«« n 124 


DoBorlption and plate 












p 146 

p 147 

Rept 1P54, p 108. ..'.'.'.'..'.'.'.'.'.'.'.'.'.'/.'. 

Rei^t 187^ p 864 

Mo. Geol Sar 

1 1 • < 






Allied to E. levata or E. complanata 20 














3882 
6()29 


F. L Nason, col., Township 81 N. 6 W 

A. WInplow, col. , at Armotrong mine 


41 >8') 


< i < c 


J. D. Robertson, col , Bolivar, Polk county. 


$6(>61/ 
4536 


< ( it 


A wi^ai/^«r «Ai S Swan creek. 

A. Wlnslow, col , j BHker'B creek 

R. R Rowley, col , Riv'^rplrte. T 81 N. 6 W.. 


Mo. Geol. Sot 




< < 1 ( 


J. D. Robertson, col.. T 23 N 20 W 


4082 


Vol. II, p. 110, 1892 .'.'."*.■'.".*'..'.'*."." 
Mo Geol Sor 

Rppt 1854, I. p'. 126 !!!."!!!.'.'!'..!!! * 

Vol. II. n 110. 1892 


'• *• Teague's 80 


8^62 


F. L. Nason, col., Simmons* mill 

J. D. Robertson, col. . Poverty Flats 












R^pt 1878, p 185 

p 827 

Rept. 1856-71, p 809 

P 147 

Mo, Geol. Snr 
















4690 


R. R. Rowley, col., Bolivar 


518S 


< ( ( ( 


J . D . Robertson . col . . Bolivar 40 


« ( < < 


£. Haworth, col.. Mine LaMotte 




( ( it 


1 1 it it 




< < < i 


£. Haworth, col., Mine La Motte 





< < ( t 

Rept. 1856-71. p 193. !".'..!'.*.!!.!.".'!! 

p 147 

•' p 193 


£ Haworth, col., Mine LaMotte 








OrthocercLt primogenium 




p 307 

p 827 

Rept. 1873, p. 827 

Rept. 1855-71, p 48 

p 269 

Rept ie54, 1 P, 124 , II, pp. 164 and 2C8 

Vol 11, p 110, lb9i 

Rfpt 1854, 11, p 108 

I, p 120 

1, p. 164 

Rept 1^55-71, p. 198 

1 1 it 










60 












Description and plate 




























Rept 1864 I. P 124 


60 




I. p 124 

I, p. 128 

Mo. Geol. 8ur 








3860 


F L Nason. col . Two. 25 N . 4 W 


*• ** 81N..6W 


8882 


( < « ( 


*« «' <• 65 
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TABLE OF FOSSILS FOUND IN THE 



FOBBilB. 



Identified by 




Horizon. 



m 

67 

68 

69 

70 

70 

72 

78 

74 

75 

76 

77 

78 

79 

80 

81 

82 

88 

84 

85 

8<\ 

87 

88 

89 

90 

91 

92 

98 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

118 

114 

115 

116 

117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
12S 
129 

no 

131 
1S2 
13S 

i;u 

135 
l.S« 
187 
138 



MarohlBoais melanisroriniB (Sham.) See 

N^o - 66 ..... 

' ' probably distinct ttom last . , 
' * meUnlarormis (Sh ) 

NaatilOBof. kelloggi (Whitf. ) 

OrtbiB antiqua 



< t 

< < 
« ( 

< ( 



OrthlB eleotra (Bllllnge) . 
OrthOGeras prltnogeniam 



( < 



primogeniam 



Ophileta (see Straparollas) 



( < 



complanata .. 

levata , 

Piearotomoria 

' ' tnrglda. 



» < 

( ( 
( ( 

4 < 

< ( 
i ( 

( ( 

( ( 

t ( 

f < 

< < 



Pieurotomaria ? (sp A ) 

" cf. canadensiB (Bill.) 



I < 

< < 
t < 

< ( 



< < 






may be the eame. . 
cf. canadenBlB (Bill.) 



( < 



RaphiBtoma snbplana 

Bp V 



S trap arol las 



fOrandis ( )) 
Bubplana (S) 

prob Bp A 
and 118 



same && Nob. 11 7^ 



Bp. A 



reticalata 

minnesotenBis 



reticalata 
acatocarinatas. 



Walcott. 



c < 



Broadhead . . 

Rowley 

Shamard 

Swallow 

< < 

Waloott. .'..*.' 

Shamard 

Rowley . ... 

Broadhead... 

Shomard 

t ( 

< ( 
Broadhead 



Shamard 

• 4 



. . . . 



Potter 

Riwley ... 
Meek . . . 
Broalhead 

Hall 

Shamard.. 
Rowley . . 
Shamurd .. 



Meek. 



4 I 
4 4 
( 4 



Shamard 
Walcott.. 



4 • 
I 4 
4 i 
t I 
4 < 
4 4 



Broadhead 

Rowley 

Shamard.. 



I 4 

Walcott 



« i 

4 < 



Shamard 



Rowley ... 

Shnraard 

Broadhead 



bigranosas . 



< i 

t 4 
4 i 



acatocarinatas. 



conu)lanata 
levata 



valvatlformis 
bi^ranoBis 



Christian 

Polk 

Chri<«tian 

St FrancoiB ? 
Cole 

Ozark 

• 4 
4 4 

Shannon 

Ozark 



MadiB^n 

Gape Girardeaa 

Fran*klln 

4 < 

Maries 

Warren 



I 4 



Lincoln 



Moniteaa . 
Cedar . . . . 
Cole. .... 
Palaski . . 

Franklin . 

Franklin . 

. 4 

Miller ..V 
Morgan . . . 

4 4 



Christian ... 

PalaAki 

Washington 

Shannon 

4 4 

Cole. ...'.'.'.'. 



Ozark 

4 4 



4 < 

Shannon 



Washington, 
Franklin ... 
Jefferoon . . 
Cedar 



Cedar 
Cole . 



Shamard Ozark 



t 4 
4 4 

< t 



Laclede 



Palaski 

Cape Girardeaa 
Franklin 



Ozark stage.. 

44 4 4 



4 4 
4 4 



(4 

4 4 



21 SB. 



8 1 mgls 



2d ss 

Oz ^rk stage. . 
2d mgls 



Below mg.ser. 

8dm«ls 

2d mgls 

2d ss 

SdtCC. SB 



< 4 



Istmgls. 
2dBS. ... 



Istmgls. 



MgU 
2 I ss . . 
8d mgls 



series. 



Sdmgls 

4 4 



2d mgls 

2d Bs 

Sd mgls 

2d m^U 

3 1 mgls 

2d mgls . . . . 

2d SB. 

Ozark stage. 

< 4 



I 4 
4 4 
4 4 
4 4 
4 4 



2dss. 



2d SB 

2d mgls 



< < 



Ozark stage. 



4 4 
4 4 
4 4 



2d mgls 



2d mgls 
2d PS 



84 mgls 
2d mcls 

4 4 



4 • 



3 i mgls 
3i.i ms:lB 



21 mgls . 

2d SB ... . 

Ozark Sacc ss. 

' * 2d mgls 

i • I 4 r 
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ROOKiJ OF THE OZARK STAGE— Continued. 



Catalogue No. 



6ns9 
408S 
60tf4 
5131 



88^6 



fi029 
8062 
6182 
S181 
4006 
4087 
4686 



8860 

8882 
6182 
6180 



Rpferenoe . 



Mo. Geol. Snr 






t < 

t < 



Kept. 1878, p 827 
Vol. II. I) 110. 1892 
Kept. J 856-7 1, p 197 
Bept. 1854, I. p 127 
•• p. 126 

Mo Geol 8ar . ... 
Bept 1865 71, p 193.. 
Vol. II p no, lh92. 
Bept 1873. p 867 .... 
Bept. 1865-71,. p 269. 
Bept. 1864,11, p 168 

*' " p 167. 

Bept. 1866-71, p. 10. 

•* " '* p 66 
Bept. 1864, I. p. 116.. 

'* *• •* p. 126.. 



Bept. 1872, T. p 230.. 
Vol. II, p 110. 1892 . 
Bept. 1864. II, p. 108 
Bept. 1873, p 66 .... 
•* •• p 827 .... 
Bept 1856-71, p. 269 . 
Vol II. V 110, 1892 . 
Bept. 1864, II, p 168. 
I. p 127 
II, p 164. 
II, p. 167. 
B-pt. 1866-71, p. 124.. 
*• •* " p 146 
*' •* p. 147, 
Bept. 1864, I, p. 123.. 
•^ •• I. p. 126. 
Mo Geol. Sar 



<< 
I « 
( * 






( < 

4 ( 
< < 



< ( 



Mo. Geol. 8ur 

Bept. 1878, p 827 . . . 

Vol. II, p 110, 1893. 

Bept. 1865-71, p 195 
*• •* p 193 
'* ** p. 193 

Mo. Geol. Sar 



I < 
< « 






< « 
< « 

t ( 

« < 
I < 



4 ( 

( « 

I < 

I i 

< I 

< < 
( * 



Bemarka. 



M 



Bept. 18fi6-71, p 809 

Bept. 1873, p 66 

Vol. II, p. 110. 1892 

Bept. 1878, p. 66 

1878. p 827 

1865-71, p. 196 

p. 197 

p. 209 

p. 209 

p. 216 

p. 218 

p. 228 

p. 269 

Bept. 1864, I, p. 127, II, 168. 
t< ti (I (( 



A . WinBlow, ool . , ArmstTOiiff mine 66 

J . D Bobertaon, ool , Bolivar 

A. Wioslow, ool., Swan creek 

J. D. Bobertaon, col. , Doe Ban (?) 

70 



F. L. Naeon, col., Twp. 81, N. 6 w 



80 



90 



( « 

< ( 

< ( 
« I 
« < 



1 1 

< i 



II, p 164 
I, p 167 . 
1865-71, p. 198 



< « 
< t 



100 



A. Winslow, ool., Armatrong mine 

F. L. Naaon, ool., Simroona' mill 

J. D Bobertaon, col . , Poverty Flat 

< < ( < Twn 87 N 1 W 

B . B . Bo wle7,col , Akera P 6 . , T wp . 81 N . 6 W 



B. B. Bowley,ool.,Biver8ide,Twp 3l,N.,6 W 
110 



F. L. Naaon, col., Twp. 26 N., 4 W. 



< I 



< < 



Twp. 81 N . 6 W. 
J. D. Bobertaon, col., Poverty Flata. 

Twp. 42N.,1W. 



( ( 



< ( 



120 



180 



or Ophlleta 



188 
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TABLE OF FOSSILS FOUND IN THE 



FOBBilB 



Identified by 



Ck)iut7. 



Horizon 



189 
140 
141 
142 
l48 
144 
146 
146 
147 
14S 
149 
ISO 
l&l 



Straparollna levato (?) 



I « 

< < 
Turbo 



ap. ? 



Shumard . 
Meek 
Sharoard 
Swallow . 
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though the latter is of larger size, and somewhat more quadratic out- 
line ; with the L. Stoneana^ Whitdeld, from the Potsdam horizon, at 
Mazomanie, Wisconsin ; and with L. ella^ Hall and Whitfield. Of all 
these, perhaps the closest agreement in the outline of the valves is 
with L. ella,^ 

Prof. Charles H. Beecher, of Yale museum, writes that the expres- 
sion of the species examined indicates a Cambrian age of the rocks. 

Prof. E. O. Ulrich, in a private communication, identifies the speci- 
men as belonging to the genus Lingnlella, and states that ^^all true spe- 
cies of Lingulella now known are Cambrian, so that the mere presence, 
of any one of them in strata of which we know nothing to the con- 
trary, may, of itself, be regarded as good evidence, not necessarily 
conclusive, however, that they are of Cambrian age." He adds that 
the Missouri species is diflferent from the know A^merican forms, and 
this adds a degree of uncertainty to the determination of the age of 
the rocks holding them. 

All these authorities unite upon the desirability of confirming the 
evidence of these shells by other associated fossils. The feeling is, 
therefore, that these shells in themselves do not fix the age of the rock, 
and that their significance is dependent upon the associated forms, and 
upon the stratigrapbic relations of the beds enclosing them to the sur- 
rounding formations. 

Now, a study of the preceding descriptions and sections of south- 
eastern Missouri shows that these Lingulella beds are not demonstra- 
ble at the base of the sections. It is true they rest on, or are near 
the Archean rocks ; but this is because of the unconformity of the con- 
tact. Any part of a later formation may thus be in contact with the 
Archean. The stratified rocks here do not encircle the Archean 
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Consequently, the oldeet deposits do not coae to view on the sides of 
the Archean hills, bnt oeenpy the depths of the l>asins. FroBH the 
sections, it is plain that the Mine LaMotte limestone belongs to the 
great body of limestone of the sootheast, in whicli other fossils of 
Lower SOnriaD or OrdoTieian aspect have been fonnd. We correlate 
this limestone with what we call the St. Joseph limestone in the table on 
p. 331. Shnmard farther refers to the finding of **lingala" shells [ •A>\ jp. 
'jOO ] at higher horizons. Though we have not seen these specimens, ' 
nor had them examined, we think it probable that the species is the 
same as that fonnd at Mine LaMotte. 

Id coDclnsioD, therefore, though there is still call for further work, 
. especially in the search for closely associated fossils and in the study 
of the stratigraphy, we think the signs point plainly to the conclusion 
that these rocks of the Ozark stage belong to the early Silurian or 
Ordovician age. If Cambrian rocks exist at the base, there is cer> 
tainly no stratigrapbic break, and the separation must be a purely 
paleoDtologic one. 

THE DEVONIAN. 

The DevoDiau in Missouri is very poorly represented, and is almost 
absent in southern Missouri. Either the rocks of this system were 
never deposited here, or they have been almost entirely eroded. In 
either case, their absence proves a long erosion period and consequent 
unconformity. In the Central district there are no rocks of this period. 
In the Southeastern, Dr. Shnmard identifies certain thin beds of gray 
G— 2G* 



